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Manuscripts.-All manuscripts submitted to the 
Editor or presented to the Sections of the Assocta- 
TION should be ready for publication, typewritten 
with double spacing on one side of good quality 
paper 8.5” x 11” in size and with 1” to 1.5” margins. 
In addition to the original typewritten copy, one or 
more carbon copies should be submitted in order 
to facilitate examination by members of the Editorial 
Advisory Board or other referees. Each manuscript 
should be accompanied by an abstract of not more 
than 200 words which includes a summarization of 
conclusions and recommendations. All pages in 
manuscripts, including tables but not figures, should 
be numbered consecutively. Previously published 
and readily accessible procedures which have been 
followed in experimental work should not be made 
a part of the manuscript, but should only be referred 
to by appropriate literature references. 

Form of Presentation.—Titles of manuscripts 
should be kept as short as possible and preferably 
restricted to one line. The name of the laboratory 
in which the work described was done should be 
placed in a footnote at the end of the first page. 
Each manuscript should begin with one or more 


introductory paragraphs indicating the intention 
and meaning of the investigation and the method 
of procedure. The introduction should be followed 
by a report of the essential details of the experi- 
menta! work, and a discussion or interpretation 
where necessary. Finally there should be a brief 
summary of conclusions and recommendations. 
Authors may find it helpful to arrange manuscripts 
to conform to the style of presentation as illustrated 
in papers on analogous subjects published in recent 
issues of Tuts JOURNAL. 

In preparing manuscripts for publication in Tus 
JouRNAL, center headings should be avoided as far 
as possible. Side headings followed by a period and 
dash should be indented and run into the part of 
the text to which they apply. Such side headings 
may be used as freely as desired. Literature cita- 
tions should be numbered consecutively in order of 
appearance in the manuscript and should be indi- 
cated by full-sized Arabic numerals enclosed in 
parentheses. If a literature reference is cited more 
than once in a manuscript, subsequent citations 
should be indicated by the first number assigned. 
References to footnotes throughout the text should 
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be numbered consecutively by superscript Arabic 
numerals, but such references in each table should 
be designated by superscript lower case letters 
beginning with “a” and continuing in natural order. 
Literature citations should be grouped at the end of 
the manuscript under the heading “References.” 
All bibliographic references should be checked with 
the original publications. The citations should 
be numbered consecutively with full-sized Arabic 
numerals enclosed in parentheses to 
the numbers used in the text. The names 
periodicals cited in the list of references must be ab- 
breviated in accordance with abbreviations given by 
Chemical Abstracts in its “List of Periodicals Ab- 
stracted."" The sequence followed in the citations 
must be as follows: 

(1) Doe, J. B., Am. J. Physiol., 79, 289(1927) 

References to books should be in the order given, 
(1) author's surname and initials, (2) title of the 
book, (3) volume, (4) edition, (5) name of publisher, 
(6) place of publication, (7) year of publication, and 
(8) page number. A complete book reference may 
be illustrated as follows 
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1236, 1252 
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definite weights, measurements, percentages, and 
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ginning of a sentence, in which case the numeral 
and measurement are spelled out. Periods of time 
should be written in words. Unusual characters 
and Greek letters should be written plainly and 
legibly or should be explained by notes on the 
margin of the page. Fractions should be written 
with a slant line. Standard abbreviations should 
be used whenever weights and measures are stated 
in the metric system, e. g., 10 Gm., 2.5 cc., etc. The 
forms to be used are: cc., Kg., Gm., mg., mm., 
em., and L. 

Figures.—All drawings should be made in India 
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prepared glossy photographic prints are acceptable. 
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11” manuscript size. They should be designed for 
reduction to the width of one column (2.75") or 
full page width (5.5"). Thus, height rather than 
width should be accentuated where possible. 
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Numbers and measurements, etc., which are to 
appear on the axes of the drawing should be indi- 
cated in pencil outside the axes, in order that they 
may be set in type. Captions and legends should be 
placed below the diagram (not on it), or, if lengthy, 
collected on a separate typewritten list, identifying 
each by its proper figure number and including 
whatever acknowledgments are necessary. 

Photographs should never be rolled, and paper 
clips should not be used unless guarded by a piece of 
paper folded several times to prevent an indentation 
in the photograph. All drawings and photographs 
should be protected from bending and from the 
chance of having their edges torn while in transit. 
Do not write on the back of a photograph Any 
indentation in the photograph, however slight, will 
be likely to show as a blemish in the reproduction. 
All figures submitted must be referred to in the text 
of the manuscript, and should be numbered consecu- 
tively with Arabic numerals, e. g., Fig. 1, Fig. 2, ete. 
Kymograph tracings should not be submitted with 
the original experimental legends which are likely 
to have been hastily or carelessly inscribed Authors 
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draftsman to make the drawings in proper form for 
reproduction. 
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characters and spaces. Tables which require two 
columns are also acceptable. Interpretative state- 
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but should be explained in footnotes. Column heads 
should be made as small as possible and standard 
abbreviations should be used liberally. Data which 
may easily be deduced by simple arithmetic from 
data in another column should not be included. All 
tables should be referred to in the text of the manu- 
script. Every table and every column should be 
supplied with an appropriate heading. It is not 
necessary to place tables on separate sheets, and in 
fact it is preferable to intersperse them in the manu- 
script. Tables should be numbered consecutively 
using Roman numerals. The table number and the 
title should be placed in a continuous heading 
above the data presented. The preparation of a 
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ning and infinite care. 
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> Erythrocin Stearate and Iberol tablets are 
Abbott Laboratories’ current features. 


> Span, Tween, Arlacel and Sorbo are being 
put to “ever-widening” uses in pharma- 
ceutical preparations, the Atlas Powder 
Company reports. 

> Its soluble sulfonamide, Gantrisin, is the 
subject of the Hoffmann-LaRoche Inc. in- 


sertion. 


> The established value of Thantis Loz- 
enges as an anesthetic-antiseptic for throat 
irritations is emphasized by Hynson, West- 
cott & Dunning. 

> Lederle Laboratories Division, American 
Cyanamid Co., reports that Achromycin, its 
new broad-spectrum antibiotic, has the ad- 
vantages of more rapid absorption, quicker 
diffusion in tissue and body fluids, and 
increased stability. 

> “A more intense antibacterial effect” is 
Eli Lilly & Company's description of the 
action of ‘Llotycin-Sulfa’. 

> The S. E. Massengill Company lists the 
following prescription specialties in its an- 
nouncement; Adrenosem, Aminodrox, 
Broniacin, Livitamin, Massengill Powder, 
Obedrin, Salcedrox, and Semhyten. 


>“... and be sure to take your Vitamins!” 
admonishes Merck & Company. 

> Duraglas prescription containers are fea- 
tured by Owens-Illinois. 

> Milontin, for use in the treatment of 
epilepsy, is advocated by Parke, Davis & Co. 
> From Pfizer Laboratories come timely 
announcements of Combandrin, Cortril 
tablets (adrenocortical hormone for sys- 


temic use) and Terramycin for oral, as well 
as intramuscular use. 


In the March 1954 issue of the 
Practical Pharmacy Edition 


(All references to actions ond uses are taken from the statements 
of the producers of the products mentioned.) 


> Studies at th Philadelphia College of 
Pharmacy and Science lead to B.Sc., M.Sc. 
and D.Sc. degrees. The College also has 
schools of p bacteriology, and 


biology. 


> The A. H. Robins Company focuses atten- 
tion on its product, Donnatal, a sedative- 
antispasmodic, cholinergic depressant. 


> Its antibiotic, Tetracyn, J. B. Roerig & 
Company declares, is a profit builder for 
the prescription department. 


> Chlor-Trimeton injection “100"—for the 
control of symptoms in allergic -nanifesta- 
tions—is offered by Schering Corporation. 


> Sharpe & Dohme suggests Tracinets for 
throat irritations and Penalev to make oral 
penicillin therapy acceptable to children as 
well as adults. 


> Dispensers of Benzedrex Inhalers (Smith, 
Kline & French Laboratories) report quan- 
tity sales. 

>» E. R. Squibb & Sons calls attention to 
Novogran, for use in periods of physio- 
logical stress. 


> Methischol is described by U. S. Vitamin 
Corporation as “the complete —a 
therapy” in atherosclerosis, coronary dis- 
ease, diabetes, and obesity. 


> Peritrate for angina pectoris is offered by 
Warner-Chilcott Laboratories. 


> For common colds, allergic rhinitis, and 
sinusitis, Winthrop-Stearns Inc. advocates 
its new NTZ Nasal Spray. 


> Wybiotic is Wyeth Laboratories’ new 
triple antibiotic for infections. 


[) Look for Detoils in the Practical Pharmacy Edition of This Journal—Out March 20 
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The Kinetics of Degradation of Chloramphenicol in 
Solution* 


Il. Over-all Disappearance Rate from Buffered Solutions 


By TAKERU HIGUCHI, ARNOLD D. MARCUS, and CHARLES D. BIASt 


The rate of disappearance of chloramphenicol molecules, per se, from aqueous solu- 
tion has been studied and shown to be first order over a wide range of hydrogen- 
ion concentration. The data obtained indicate rather clearly that the rate of = 
radation is independent of the ionic strength of the medium employed for degrada- 
tion. In addition, the rate of degradation appears to be substantially independent 
of the hydroges-ion concentration of the system within the pH range 2-7. Very 
strong evidence exists to indicate that chloramphenicol degradation is general 
acid-base catalyzed. For example, monohydrogen phosphate ions, undissociated 
acetic acid molecules, and citrate—citric aci aaene exert a definite catalytic effect 
upon the rate of antibiotic disappearance. The last example shows a rather com- 
~ reiationship which might possibly be ascribed to the polybasic nature of citric 
acid and its ions, in which both electrophilic and nucleophilic functions are present 
within the same molecule. 


I THE PRECEDING communication of this series 

(1), the mechanism and the influence of 
several variables upon the rates of the dehaio- 
genation reactions responsible, in part, for the 
gradual loss of activity of chloramphenicol in 
aqueous solutions were treated and the degrada- 
tive rate was observed experimentally by follow- 
ing the rate of chloride ion production in the 
aqueous solutions. In contrast, in the present 
investigation we were concerned primarily with 
the total rate of disappearance of chlor- 
amphenicol molecules, per se, from the reaction 
system, the analytical scheme employed being 


* Received August 21, 1953, from the School of Pharmacy, 
University of Wisconsin 

Presented to the Scientific Section, A. Pu. A., Salt Lake 
City meeting, August, 1953 

This project was supported in part by the Research Com- 
mittee of the Graduate School from funds supplied by the 
Wisconsin Alumni Research Foundation, and in part by a 
grant from Parke, Davis & Co., Detroit, Mich 
t Parke, Davis Fellow, University of Wisconsin. 


designed to determine the residual concentration 
of the intact drug rather than any of its degrada- 
tive products (2). From the experimental data 
presented, the dehalogenation reaction under- 
gone by chloramphenicol appears to play but an 
insignificant part in the total degradative picture, 
at least in solutions below pH 7. 

In the study referred to above (1), kinetic 
analysis indicated that one of the major causes of 
chloramphenicol breakdown can be attributed to 
the hydrolytic cleavage of the amide linkage in 
the drug according to the equation 


OH H 
O.N—< S—C—C——CHO4 
— | | HOH 
H NH—C—CHCl ——> 


oO 


JOURNAL OF THR AMERICAN PHARMACEUTICAL ASSOCIATION 


OH H 
Cc C--CH,OH + Cl,CHCOOH 


| 
H NH; 


Subsequent observations on the over-all dis- 
appearance rate appear to substantiate further 
this hy pothesis, as the rate is highly reproducible 
under any given experimental conditions and is 
strictly first order with respect to the drug. 
These are characteristics of molecular reactions 
of the hydrolytic type as contrasted to redox 
reactions which are free radical mediated and 
rather difficult to reproduce. 

Even if the degradative mechanism is assumed 
to be hydrolytic cleavage of the amide function, 
only a relatively small amount of help can be 
gained by reference to the literature for com- 
parable reactions. Although a _ considerable 
amount of research effort has been devoted to 
the fundamentals of the kinetics of hydrolytic 
cleavage of esters, very little work seems to have 
been done on the similar cleavage of amides. 
This is probably due to the fact that amides, as a 
whole, are a great deal more stable than esters. 

Certain theoretical assistance can be gained, 
however, by reference to the general theory of 
acid-base catalyzed reactions. In many in- 
stances the hydrolytic cleavage of ordinary esters 
and amides is catalyzed by hydrogen ions, 
hydroxyl ions, or both. The hydrolysis of esters 
such as ethyl acetate, aspirin (3), and procaine 
(4) appears to be catalyzed by hydrogen ions or 
hydroxyl ions alone (i. e., specific hydrogen or 
hydroxyl ion catalysis). The hydrolysis of such 
simple amides as formamide and acetamide has 
been studied and shown to be catalyzed by hydro 
gen and hydroxyl ions (5, 6). In view of these 
instances of catalysis, it appeared rather likely 
that the amide linkage in chloramphenicol may 
also be subject to hydrogen or hydroxyl ion- 
catalyzed hydrolysis. 

If we are to assume that hydrogen and hydroxyl 
ions are not unique as acidic or basic species but 
that other species may also be considered to 
function as acids and bases, a new factor is intro- 
duced in considering the kinetics of hydrolytic 
reactions including degradation. It has been 
recognized in a number of instances that hydrol- 
ysis may be catalyzed by acids and bases other 
than hydrogen and hydroxyl ions (i. e., general 
acid-base catalysis) (7). The hydrolysis of 
ethyl orthocarbonate and ethyl orthoacetate, for 
example, has been shown to be catalyzed by 
general acids as well as by hydrogen ions (8, 9). 
More recently an investigation concerning the 
hydrolysis of diisopropyl fluophosphate revealed 
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that hydrolysis of this compound is also general 
acid-base catalyzed (10). Among well-known 
instances of nonhydrolytic genera. acid-base 
catalyzed reactions are the mutarotation of 
glucose and the decomposition of diazoacetate 
ion (11, 12). 

Because of the several possible pathways by 
which amide cleavage may be effected, attempts 
have been made in the present investigation to 
study the kinetics of chloramphenicol breakdown 
as influenced by neutral ions, hydrogen ions, 
hydroxyl ions, general acids, and general bases. 
Indeed, it was difficult to limit attention to 
hydrogen or hydroxyl ions alone, inasmuch as the 
maintenance of a constant pH in the degradative 
systems necessitated the use of buffers which by 
their very nature contain significant amounts of 
general acids and general bases. 

The results of the present study indicate that 
degradation of the antibiotic is general acid-base 
catalyzed but that within the pH range 2-7 the 
rate of degradation is substantially independent 
of hydrogen-ion concentration. 


EXPERIMENTAL 


Reagents. All reagents used in this investiga- 
tion were of analytical grade. Silicic acid, chro- 
matography grade, was used to prepare the columns 
The chloramphenicol was eluted from the columns 
with chloroform and a 10% (v/v) solution of ethy! 
acetate in chloroform. The buffers referred to 
below were prepared by dissolving reagent grade 
chemicals in distilled water, adjusting, and measur- 
ing the pH with a Beckman Model G pH Meter 

Procedure.--Chloramphenicol, 250 mg., was ac- 
curately weighed into 100-ml. volumetric flasks 
with the aid of a small glass funnel. Any of the 
compound adhering to the sides of the funnel was 
washed into the flask with approximately 90 ml. of 
the appropriate buffer solution. The flasks were 
then placed into a constant temperature bath ai 
97.30 + 0.05° and the contents allowed to attain 
the temperature of the bath. At that point the con- 
tents of the flasks were made up to the mark with 
the proper buffer solution and the flasks were 
securely stoppered. The first sample was with- 
drawn from each of the reaction vessels only after 
visible inspection showed that all of the chlor- 
amphenicol in each flask had dissolved and the 
timing of the reaction was then started. Samples, 
approximately 5 ml. in volume, were withdrawn with 
volumetric pipets at appropriate intervals, placed 
into glass vials (8-ml. capacity), and protected 
from the cap of the vial with aluminum foil. 

The concentration of chloramphenicol in each 
sample was determined by partition chromato- 
graphic separation and subsequent spectrophoto- 
metric analysis according to a procedure reported 
elsewhere (2). 


DISCUSSION OF EXPERIMENTAL RESULTS 


Sufficient experimental data have been collected 
in the present investigation to determine the order 
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of the reaction with respect to chloramphenicol and 
to ascertain the relative catalytic activities of 
hydrogen ions, hydroxy! ions, and certain general 
acids and bases within a pH range of 2-7. 

Order of the Deterioration Reaction with Respect 
to Chloramphenicol..-As mentioned in the intro- 
duction, the rate of antibiotic disappearance from 
buffered aqueous solutions appears to be strictly 
first order with respect to antibiotic concentration 
This relationship is apparently valid over widely dif- 
fering hydrogen-ion concentrations as is evident 
from Fig. 1. The linear logarithmic plots have been 
found to be extremely reproducible under all en- 
countered experimental conditions and in no case 
have they deviated significantly from the over-all 
first-order relationship 

In much of the following discussion the rate of 
antibiotic disappearance is expressed in terms of 
the half-life of the drug because of the direct 
dependency of the deterioration rate upon the con- 
centration of chloramphenicol. In certain instances, 
however, it was found convenient to make use of 
reciprocal half-lives rather than the half-lives them- 
selves. This usage is particularly useful in deter- 
mining the effect of general acid-base catalysis 
upon the rate of chloramphenicol disappearance. 
It may be seen from the relationship k = 0.693/half- 
life, where & is the first-order rate constant, that the 
value of the rate constant, in reciprocal time, is 
directly proportional to the reciprocal of the half- 
life. 

The absolute rate of chloramphenicol disappear- 
ance as determined from the plots shown in Figs. 
3, 4, and 5 indicates that the dehalogenation re- 
actions contribute to a very minor extent in the 
pH interval 6-7 and negligibly below pH 6.00, to the 
over all reaction. This is based on the fact that 
the maximum half-life of chloramphenicol at 97.30° 
was fourteen hours, whereas the minimum half- 
life based on the dehalogenation reaction was over 
one hundred hours at PH 7 and much longer at lower 
hydroxyl-ion concentrations (1). 

Ionic Strength Independence of Degradation 
Rate.—The lack of a formal charge on the chlor- 
amphenicol molecule would make it seem unlikely 
that the ionic strength of the buffers employed for 
degradation would be of significance in affecting 
the rate of degradation. However, in view of the 
partial ionic character of the nitro group and the 
fact that one of the resonance forms of an amide 
will show a separation of charge, it was thought 
that any dependency of the degradation rate upon 
ionic strength should be determined, so as to facili- 
tate proper evaluation of data obtained in presence 
of buffers. 

Degradation of chloramphenicol was therefore 
carried out at 97.30° in 0.062 M phosphate buffer 
adjusted to pH 7.00 and the half-life thus obtained 
was compared with that obtained with the same 
buffer containing, in addition, 60 Gm. of sodium 
sulfate per liter. The difference in the ionic strengths 
of the two systems was such that any dependency 
of the degradative rate upon the ionic strength of 
the medium would be indicated after analysis of 
the samples. As shown in Fig. 2, practically identi- 
cal results were obtained from both systems, thus 
indicating that the rate of degradation is essentially 
independent of ionic strength. In both instances 
the half-life of the antibiotic was 7 95 hours. 
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PLOTS SHOWING OVERALL FIRST ORDER 
CHARACTER OF CHLORAMPHENICOL 
DEGRADATION AT DIFFERENT pH LEVELS. 


4. 


2 4 6 
Time In Hours 
Fig. 1.—Plots showing the over-all first order 


character of chloramphenicol degradation in differ- 
ent buffers. The pH values given above, 2.36, 


4.65, and 8.00, were maintained by the use of 0.50 
M citrate, 1.50 M acetate, and 0.062 M phosphate 
buffers, respectively. 
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A PLOT SHOWING IONIC STRENGTH 
INDEPENDENCE OF RATE OF 
CHLORAMPHENICOL DEGRADATION. 


Concentration Chloramphenicol - meg. /ml. 


0.062 M Phosphate Buffer 


8 


pH-7.00 


8 10 
Time In Hours 


Fig. 2.—Plot showing the rate of chloramphenicol 
degradation in 0.062 M phosphate buffer and in the 
identical buffer containing, in addition, 6° sodium 
sulfate. The coincidence of the experimentally de- 
termined points shows that the rate of chloramphen- 
icol degradation is essentially independent of ionic 
strength. 
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General Acid-Base Catalysis of Deterioration of 
Chloramphenicol.—-In accordance with the thinking 
outlined previously, the possibility of general acid- 
base catalyzed deterioration was always present. 
Early in the course of the investigation it appeared 
that the rate of chloramphenicol disappearance was 
dependent upon the hydrogen-ion concentration of 
the buffered systems in a rather complex manner. 
In the absence of any notable specific hydrogen or 
hydroxy! ion catalysis, the evidence pointed to the 
possibility of a general base or general acid present 
in the buffer acting as a catalyst. 

An experimental verification of the part played 
by the components of a phosphate buffer is shown 
in Fig. 3. In the plot, the reciprocal of the half- 
lives of chloramphenicol in aqueous solutions con- 
taining varying amounts of phosphate buffer is 
shown as a function of the buffer concentration at 
97.30°. The pH of each solution was adjusted 
to 7.00 to minimize any effect of hydrogen or 
hydroxy! ions on the rate. It is evident from this 
figure that the rate of breakdown of the antibiotic 
is linearly dependent upon the buffer concentration. 
Since the rate is independent of ionic strength as 
discussed above and unaffected by the concentration 
of dihydrogen phosphate ion as will be shown 
below, this catalytic activity can be attributed only 
to monohydrogen phosphate ion acting as a general 
base. This is quite surprising in view of the rela- 
tively weak nucleophilic character of this ion. 

To test the possibility that dihydrogen phosphate 
ion was acting as a catalyst of the general acid 


CATALYTIC EFFECT OF HPO; ON RATE 
OF CHLORAMPHENICOL DEGRADATION 


pH 7 00 PHOSPHATE BUFFERS 
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Fig. 3.—-Plot showing the catalytic effect of pH 
7.00 phosphate buffer on the rate of degradation of 
chloramphenicol. In view of the data shown in 
Table I, the catalytic activity of this buffer mixture 
may be properly ascribed to the monohydrogen 
phosphate ion. Extrapolation of the experimen- 
tally determined values to zero buffer concentration 
indicates the rate of chloramphenicol degradation 
at pH 7.00 and zero buffer concentration. 
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CATALYTIC ACTIVITY OF HPO, ON RATE 
0.167 OF CHLORAMPHENICOL DEGRADATION 


pH 6 00 PHOSPHATE BUFFERS 
014 


Lite -Houre™ 


01 0.2 0.3 o4 os 


Buffer Concentration M/L 
Fig. 4.—Plot showing the catalytic effect of pH 
6.00 phosphate buffers on the rate of degradation 
of chloramphenicol. Extrapolation of the experi- 
mentally determined points to zero buffer concentra- 
tion is indicative of the rate of degradation at pH 
6.00 and zero buffer concentration. 


type, the deterioration rate was studied in a series of 
solutions containing the same concentration of 
HPO,~~ (0.2 M) but varying amounts of H,PO,~. 
Although the concentration of the acidic component 
was changed over a large range as reflected in the 
pH of the solution, the resulting half-life values 
remained essentially constant as shown in Table 
I. It is evident from these data that H,PO,~ has 
little or no catalytic activity under the conditions 
employed for this study, the catalytic behavior of 
the entire buffer being attributable only to the 
doubly charged ion. 


Taste I.—Rate OF CHLORAMPHENICOL DEGRADA- 
TION IN PuospHate Burrers 0.2 M wirn Respect 
TO MONOHYDROGEN PHOSPHATE ION AND CONTAIN- 
ING VARYING AMOUNTS OF DIHYDROGEN PHOSPHATE 


Half-Life 


® The discrepancy introduced by this value, substantfally 
below the others, may be ascribed almost entirely to hydroxy!- 
ion catalysis of the dehalogenation reaction referred to in 
the introduction. 


A similar investigation indicated that acetate 
buffers also act as catalysts for the deterioration 
of the antibiotic. In Fig. 5, where experimentally 
determined reciprocal half-lives have been plotted 
against total acetate concentration, i. e., the sum 
of the concentrations of equimolar sodium acetate 
and acetic acid, it is evident that the buffer exerts 
a small but definite catalytic effect on the over-all 
rate. Unlike the phosphate systems, however, 
further studies have shown that the catalytic 
activity is associated almost entirely with the acidic 
component of the buffer and that the conjugate base 
possesses only slight catalytic activity. Thus, as 
is shown in Table II, in systems containing constant 
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CATALYTIC EFFECT OF ACETIC ACID ON RATE 
OF CHLORAMPHENICOL DEGRADATION 
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Fig. 5.—Plot showing the catalytic effect of undis- 
sociated acetic acid upon the rate of chloramphen- 
icol degradation. The reciprocal half-life obtained at 
the point of intersection of the straight line with the 
ordinate is identical with the value for the recipro- 
cal half-life at zero buffer concentration and pH 
6.00, thus showing a substantial degree of pH inde- 
pendence of the degradation reaction. 


amounts of acetic acid, variations in the acetate 
ion concentration have relatively little effect on the 
rate of degradation. These data suggest that the 
catalytic behavior is due essentially to general acid 
catalysis with but a small contribution resulting 
from general base catalysis. 


TaBLe II.—RAtTE oF CHLORAMPHENICOL DEGRADA- 

TION IN AceTaATe Burrers 0.05 Mf wirn Respect 

To Acetic Acip AND CONTAINING VARYING AMOUNTS 
or Soprum ACETATE 
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Although the catalytic properties of both phos- 
phate and acetate systems can be ascribed to their 
acid-base characteristics, it is important to keep 
in mind that the effect may be a specific property 
of the catalytic species and only indirectly related 
to their acid-base character. This possibility is 
partially supported by a study of the degradative 
rate in presence of citrate buffers. Unlike the ace- 
tate or phosphate system, citrate systems present 
the possibility of having more than one acidic or 
basic species in the buffer solution; thus there may 
be present 
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Citric acid Monohydroger citrate 
Dihydrogen citrate ion ion 
Citrate ion 


all in equilibrium and possessing differing catalytic 
tendencies. This rather complex system can be 
expected to, and does, result in an involved de- 
pendency of the catalytic effect upon the hydrogen- 
ion concentration although the degradative reaction 
itself is not specifically influenced, within this pH 
range, by hydrogen ions (see below). The apparent 
dependency of the reaction rate, as expressed in 
half-lives, on the hydrogen-ion concentration is 
shown in Fig. 6. It is evident that at higher pH 
values the half-life is essentially unaffected by the 
buffer since the values are close to the value of 
eleven hours. In the pH region immediately below 
this, we find a rapid increase in the reaction rate 
which can be ascribed to the catalytic effect of the 
singly charged dihydrogen citrate and/or the doubly 
charged monohydrogen citrate. The minimum ex 
hibited by the curve at approximately pH 3 and the 
very sharp reversal of the reaction rate appear dif- 
cult to rationalize. It is possible that either the 
singly or doubly charged ion or both possess signifi- 
ficant catalytic activity but that the triply charged 
citrate ion and undissociated acid do not. These 
differences are difficult, however, to explain on the 
basis of general acid-base catalysis alone. 


EFFECT OF pH ON CATALYTIC 
| ACTIVITY OF CITRATE SYSTEM. 


Citrate Buffers 


Half Life-Houre 
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Fig. 6.—Plot showing the effect of hydrogen-ion 
concentration upon the ability of a citrate buffer 
system to catalyze the degradation of chloramphen- 
icol. The shape of the curve together with the 
position of the minimum indicate that the effective 
catalytic species in the citrate buffer systems are 
monohydrogen citrate ion and /or dihydrogen citrate 
ion. 
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A possible explanation of the unusual behavior 
of the citrate systems may be found in the suggestion 
by Swain (12) that all reactions of this type (i. ¢., 
general acid-base catalyzed) are termolecular in 
nature and involve both electrophilic and nucleo- 
philic catalysts; the exceptional catalytic efficacy 
of the partially neutralized citrates being due, on 
this basis, to the dual nature of these acidic salts 

pH Independence of Rate of Chloramphenicol 
Degradation over pH Range 2-7. In the pre- 
ceding two sections we tacitly assumed that the 
rate of the deterioration reaction was independent 
of hydrogen- or hydroxyl-ion concentration, i. ¢., 
not subject to specific hydrogen or hydroxyl ion 
catalysis. This assumption was based on the fact 
that the reaction rate in absence of any interfering 
buffer was found to exhibit pH independence 

Although it is impossible from a practical stand- 
point to determine directly the rate of the reaction 
at any given pH in absence of buffer because of the 
acidic nature of the reaction products, the cor- 
responding rate can be obtained by extrapolation 
to zero buffer concentration of a series of results 
determined in presence of buffers of varying con- 
centration. Thus in Fig. 3 the intersection of the 
straight with the ordinate corresponds to the recip- 
rocal half-life at pH 7.00 and zero buffer concen- 
tration. In Fig. 4a similar plot is shown for a series 
of experimental determinations at pH 6.00. If the 
rate of chloramphenicol disappearance due to the 
hydroxyl-ion catalyzed dehalogenation reaction at 
pl 7.00 is subtracted from the over-all rate of anti- 
biotic disappearance at the same pH, the values at 
pH 6.00 and 7.00 are essentially the same, being 
equal in each case to eleven hours. The pH inde- 
pendence of the reaction rate is further demon- 
strated by noting that the extrapolated value for the 
reciprocal half-life at pH 4.65 as shown in Fig. 5 
is identical with the value obtained similarly at pH 
6.00. In addition, the data shown in Table I, 
when regarded in this light, strongly support this 
view 

Further confirmation of the pH independence of 
the degradation rate within the pH range studied 
may be gained by reference to Fig. 6. It may be 
seen that extrapolation of this plot to the pH ex- 
tremes of the citrate systems employed once again 
give half-life values of approximately eleven hours 
Other data have shown that the deterioration re- 
action is not significantly affected by hydrogen ions 
above pH 2 nor by hydroxyl ions below pH 7 


PHARMACEUTICAL SIGNIFICANCE 


Consideration of the experimental evidence pre- 
sented can lead only to the conclusion that chlor- 
amphenicol possesses unusual stability in aqueous 


solutions, over a wide pH range. Despite the very 
great temperatures to which the antibiotic was 
exposed, the rate of degradation was relatively 
small. Inasmuch as the heat of activation for the 
dehalogenation has been shown to be 30,000 calories 
per mole (1) and the indications, based on additional 
experimental determinations, that the heat of 
activation for the postulated amide hydrolysis is 
of the order of 23,000 calories per mole, it is readily 
evident that within the pH range 2-7 the antibiotic 
shows almost no susceptibility to hydrolytic deteri- 
oration at ordinary temperatures. 
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At the same time, the very fact that a drug ex- 
hibiting the great stability of chloramphenicol is 
subject to degradation catalyzed by buffer constit- 
uents should point the way toward careful con- 
sideration of any buffers used in compounding ot 
administering other pharmaceuticals which may be 
subject to hydrolytic degradation. Just as it 
would be prudent to dispense chloramphenicol in 
weakly buffered solutions, other pharmaceuticals 
possessing the amide linkage should be regarded very 
carefully with respect to stability in the presence of 
general acids and bases as well as hydrogen and 
hydroxyl ions 

In essence, an approach to the problems of drug 
deterioration from the standpoint of chemical 
kinetics provides very useful clues to proper for- 
mulation based upon actual knowledge of the 
character of the drug. In contrast, the purely 
empirical approach may overlook factors which are 
of substantial significance with respect to drug 
stability. 


SUMMARY AND CONCLUSIONS 


1. The over-all degradation rate of chlor- 
amphenicol in aqueous solution has been shown 
to be first order with respect to the antibiotic over 
a wide range of hydrogen-ion concentration. 

2. The reproducibility of the experimental 
results along with the strict adherence to first- 
order dependency indicate that in addition to 
hydrolytic cleavage at the carbon chloride bonds, 
similar cleavage occurs elsewhere in the molecule. 
This is assumed to be at the amide linkage. 

3. The rate of chloramphenicol degradation is 
independent of the ionic strength of the medium 
employed for degradation and largely independ- 
ent of hydrogen-ion concentration within the pH 
range 2-7. 

4. Definite evidence has been accumulated to 
show that chloramphenicol deterioration is 
catalyzed by species which are general acids and 
bases. Specifically, monohydrogen phosphate 
ion, undissociated acetic acid, and both mono- 
and dihydrogen citrate ions catalyze the rate of 
chloramphenicol degradation. 
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Comparison of a Microbiological and a 
Chromatographic Assay Method for Chloramphenicol* 


By TAKERU HIGUCHI, ARNOLD D. MARCUS, and CHARLES D. BIASt 


It is shown in the determination of chloramphenicol that a microbiological method 
and a chromatographic method yield identical results when tested against partially 


degraded samples. 
Warbur 


The former is based on repression of growth as followed by 
manometry, and the latter on isolation of the antibiotic on a partition col- 
umn and subsequent determination by ultraviolet s 
greater precision and ne the chromatographic met 


cause of its 
appears to be preferable 


rophotometry. 


r routine determinations. 


Ds THE COURSE of an investigation into 

the kinetics of the disappearance of chlor- 
amphenicol from aqueous solutions, it became 
expedient to follow the residual concentration of 
intact chloramphenicol molecules. Although an 
excellent microbiological method was already 
available (1), it was thought desirable to develop 
a chemical assay for the antibiotic in the hope of 
achieving greater accuracy and precision. The 
present communication is concerned with such a 
chemical analvtical method for the determination 
of chloramphenicol in the presence of its deg- 
radation products as compared with a new 
microbiological method based upon respiratory 
inhibition of a bacterial culture. 


THE MICROBIOLOGICAL METHOD 


Biological methods are, in a sense, ideally suited 
for evaluation of drug activity or concentration 
since the end-use activity is determined directly. 
Such procedures are usually insensitive to the pres- 
ence of similar but inactive contaminants or degrada- 
tion products. They are, in most cases, very sensi- 
tive and are capable of detecting drugs present in 
extremely minute concentrations. In spite of the 
specificity and sensitivity characteristic of these 
procedures, however, their adoption as analytical 
procedures is usually with reluctance and as a last 
resort because of their inherent low degree of pre- 
cision. 

In the present study the microbiological approach 
was mainly employed to validate the results ob- 
tained by the chemical method. Although the 
turbidimetric method proposed by Joslyn and Gal- 
braith (1) would have been equally suitable for 
this purpose, a manometric procedure was developed 
separately because of its somewhat greater rapidity 
This procedure is based in principle upon the 
inhibition of oxygen uptake by Escherichia coli in 
the presence of several solutions of chloramphenicol 
of known concentration, the inhibition produced 
by a sample of unknown concentration being com- 
pared against those shown by a series of standards. 


* Received August 21, 1953, from the School of Pharmacy, 
University of Wisconsin, Madison 

Presented to the Scientific Section, A. Pu. A. Salt Lake 
City meeting, August, 1953 

This project was supported in part by the Research Com- 
mittee of the Graduate School from funds supplied by the 
Wisconsin Alumni Research Foundation and in part by a 
grant from Parke, Davis & Co. of Detroit, Mich 

+ Parke, Davis Fellow, University of Wisconsin. 


THE EXPERIMENTAL METHOD 


Apparatus. Warburg constant volume respirom 
eter 

Preparation of the Meaia. (a) Difco nutrient agar 
(23 Gm.) is suspended in 100 ml. of freshly dis- 
tilled water and the suspension is heated to boiling 
in order to effect solution; 25 ml. of the agar solu- 
tion is then poured into ordinary prescription bottles 
which provide a fairly large surface for bacterial 
growth. (6) A synthetic glucose medium is pre- 
pared according to the method described by Kohn 
and Harris (2). (c) Both solutions are auto- 
claved at a pressure of 15 Ib./sq. in. for twenty 
minutes and stored for use when necessary 

Preparation of the Culture.-A culture of Escheri- 
chia coli is transferred to a bottle of nutrient agar 
and incubated at 37° for twenty hours. The bac- 
teria are then removed from the agar by washing 
with approximately 10 ml. of sterile distilled water 
and the resulting suspension is adjusted to an optical 
density of 1.0 (red filter) on a nephelometer. Five 
milliliters of this suspension are poured into a bottle 
containing 100 ml. of the synthetic glucose medium, 
incubated for one and one-half hours, and cooled 
in a refrigerator for one hour before use. 


Preparation of Sample and Standard Solutions. 

A standard solution of chloramphenicol containing 
10 meg./ml. is prepared by dissolving the drug in 
distilled water. Other samples of lower chlor- 
amphenicol content are prepared by proper dilution 
of this solution. The samples to be analyzed are 
weighed, dissolved, and diluted with distilled water 
go that the concentration of the antibiotic will fall 
within the range 5-10 meg. /ml. 

Preparation of the Warburg Flasks. Exactly 0.2 
ml. of a 20% solution of potassium hydroxide is 
pipetted into the well of each Warburg flask and a 
4-sq. cm. piece of fluted filter paper is inserted to 
absorb the alkali and to provide a large surface 
area for reaction with carbon dioxide. Two milli- 
liters of the cold glucose medium containing the 
suspended bacteria are pipetted into each flask, 
the suspension being shaken before each with- 
drawal to obtain uniform inoculation in each of the 
several flasks. One milliliter of a standard chlor- 
amphenicol solution containing 5, 6, 7, 8, 9, or 10 
meg. of the antibiotic is added to each flask. In 
the same fashion, a 1-ml. aliquot of each sample 
solution is added to a separate flask. When higher 
accuracy is desired, duplicate or triplicate samples 
of the unknown solution are used. 

The flasks are then attached to their correspond- 
ing manometers and placed in the water bath regu- 
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lated at 37°. The manometers are allowed to 
equilibrate thermally for ten minutes and are then 
closed to the atmosphere. Readings ate taken every 
half-hour. From these readings the corresponding 
volume of oxygen uptake for the contents of each 
flask is calculated according to the procedure de- 
scribed by Umbreit (3). 

Each “run” requires approximately eight hours 
including about four hours in the Warburg bath. 

Calculations.—-The oxygen uptake in microliters 
is plotted against the time (in hours) as shown in 
Fig. 1. A time is arbitrarily chosen during the 
logarithmic phase as a reference point. The oxygen 
uptake between this arbitrarily chosen time and 
zero time is then plotted against the logarithm of 
the chloramphenicol concentration of the stand- 
ards as shown in Fig. 2. By interpolation from this 
graph the chloramphenicol contents of the unknown 
samples are obtained 


THE CHEMICAL METHOD BASED ON 
PARTITION CHROMATOGRAPHY 


The chemical and instrumental methods of quan- 
titative assay presently being employed are rather 
unspecific. Nearly all such procedures are essen- 
tially methods for determining the amounts of cer- 
tain functional groupings present in the samples, 
very little differentiation being made, for example, 
between two alkaloidal nitrogens or between two 
carboxy! groups attached to different compounds 
found in the same sample. Thus in the analysis of 
chloramphenicol a number of analytical methods 
have been proposed, based on the presence of the 
p-nitrophenyl! moiety in the molecule (4-6). It 
makes very little difference whether the grouping is 
determined by conversion to an azo compound or 
by polarography; they are still functional group 
analyses and not methods for determining chlor- 
amphenicol, per se. Such methods are, for example, 
unreliable in presence of the degradative products 
of the drug 
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Fig. 1.—A plot showing the relationship between 
oxygen uptake by E. coli and time in the presence of 
varying amounts of chloramphenicol as determined 
by a Warburg Constant Volume Respirometer at 


37° C, 
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Fig. 2.—Plot showing the relationship between 
the logarithm of chloramphenicol concentration 
and the amount of oxygen consumed by E. coli as 
measured in a Warburg Constant Volume Respirom- 
eter at 37° C. This standard curve was employed 
in the microbiological procedure for determini 1g 
the chloramphenicol content of unknown samples 


Because of the recent successes in the application 
of chromatographic methods to the analysis of com- 
plex pharmaceutical mixtures, an attempt has been 
made in this investigation to develop an analytical 
method for chloramphenicol based on isolation of 
the intact drug by partition chromatography and 
subsequent determination of the pure isolate. 
Since the partition coefficient is an extremely sensi- 
tive function of molecular structure, it was hoped 
that this approach will yield the specificity that 
is lacking in other chemical methods 

The feasibility of the chromatographic technique 
in isolating the antibiotic is evident from the 
chromatograms shown in Figs. 3 and 4. These 
flowing chromatograms were obtained from silicic 
acid partition columns, with water as the internal 
phase. The effluent volume corresponding to the 
maximum concentration of the antibiotic, i. e., the 
peaks in the diagrams, is a function of the composi- 
tion of the eluant employed. If a relatively high 
concentration of ethyl acetate in chloroform is used 
in the eluant, the peak appears early ; conversely, in 
absence of any ethyl acetate, i. e., with pure chloro- 
form, the drug does not elute out even after 200 
ml. of eluant has been consumed. To permit 
washing out of any materials or components less 
polar than chloramphenicol from the column before 
the appearance of the drug in the eluate, it has been 
found convenient to use about 40 ml. of pure chloro- 
form as the initial eluant. If this is followed by 60 
mil. of 10% v/v ethyl acetate in chloroform, all the 
antibiotic is found in the corresponding eluate. 

Since samples to be analyzed may be as aqueous 
solutions, solids, or dissolved in some organic sol- 
vent, a procedure has been developed for each case. 

As is readily evident from Fig. 5, the concentra- 
tion of chloramphenicol in the eluate obtained after 
partition chromatography may be readily deter- 
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mined by spectrophotometric analysis over a rela- 
tively wide range of wave lengths. This method 
was therefore employed in analyzing the ethyl 
acetate-chloroform solutions for antibiotic content 
Although the absorption peak in chloroform-ethyl 
acetate solution is 272 my, the samples were ana- 
lyzed at 278 my, the wave length ordinarily used for 
analyzing aqueous solutions. 


PARTITION CHROMATOGRAM 
OF CHLORAMPHENICOL 
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Fig. 3.—Partition chromatogram of chloram- 

phenicol as eluted with 10°, (v/v) ethyl acetate in 

chloroform. The antibiotic, present in a concen- 

tration of 440 mcg./ml. was eluted from aqueous 

solution by the “slurry method" referred to in the 

text. The first peak may be due to extraneous sub- 
stances present in the solvent or the system. 
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THE EXPERIMENTAL METHOD 


Reagents. — Ethyl acetate and chloroform, reagent 
grade. Silicic acid, Mallinckrodt chromatography 
grade 

Apparatus.—-Pyrex glass chromatographic col- 


umns approximately 45 cm. long and 2 cm. in diam- 
eter. A_ tight-fitting glass plunger to pack the 
columns. Beckman Model DU spectrophotometer 

Packing the Columns. The columns are packed 
according to the procedure given by Higuchi and 
Patel (7). Distilled water is used as the internal 
phase and pure chloroform is used as the external 
phase 

Procedure.—If the chloramphenicol is present in 
the solid state, it is dissolved in 10% (v/v) ethyl 
acetate in chloroform. If the chloramphenicol is 
present in an organic solvent solution, the solvent is 
removed by evaporation under reduced pressure 
(ca. 25 mm.) and the drug is redissolved in chloro- 
form. The chloramphenicol is then separated as 
follows. 

Exactly 5 ml. of the ethyl acetate-chloroform 
solution of the antibiotic is pipetted on the surface 
of the column with care so as to avoid splashing 
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Fig. 4.—-Partition chromatogram of chloramphen- 


icol as eluted with 2° (v/v) ethyl acetate in chloro- 
form. The drug, present in a concentration of 2 
mg./ml., was added to the column as an ethyl 
acetate-chloroform solution. 


the solution on the sides of the column. A 100-mi. 
graduated cylinder is used to collect the eluate. 
After all but the last trace of supernatant liquid 
has entered the column, 5 ml. of pure chloroform is 
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Fig. 5.—Absorption spectrum of chloramphenicol 
in 15% (v/v) ethyl acetate in chloroform. 
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added to the column and allowed to drain into the 
mass. This is repeated with an additional 5 ml. 
At this point 25 ml. of chloroform is added to the 
column and a total of 40 ml. of the chloroformic 
eluate is collected in the cylinder. The eluant is 
then changed to 10° (v/v) ethyl acetate in chloro- 
form and an additional 10 ml. of eluate is collected 
in the cylinder. The cylinder is then removed, the 
contents discarded, and the eluate collected in a 
50-ml. volumetric flask. A total of 50 ml. of eluate 
is collected 

If the chloramphenicol is present in aqueous solu- 
tion, the following procedure is employed. 

Exactly 2 ml. of the aqueous solution is pipetted 
onto 2 Gm. of silicic acid in a 30-ml. beaker. The 
two are thoroughly mixed with a nichrome spatula 
and a slurry is made by adding 15 ml. of chloroform. 
The slurry is quantitatively transferred to the 
column, the beaker rinsed with 10 ml. of chloro- 
form, and the rinsings are added to the column. 
The slurry is then tightly packed on the surface 
of the column. At this point the eluate is collected 
in a 100-ml. graduated cylinder. When removing 
the plunger great care should be exercised to remove 
any adhering slurry. When almost all of the super- 
natant liquid has passed into the column, a second 
slurry prepared from 10 ml. chloroform, 1 Gm. 
silicic acid, and | mil. distilled water is added to the 
column and tightly pressed onto the mass. After 
4) ml. of chloroformic eluate has been collected in 
the cylinder the same procedure as above is followed 

The contents of the volumetric flasks are analyzed 
for chloramphenicol content by spectrophotometry. 


CORRELATION BETWEEN THE TWO 
METHODS 


Although the chemical method outlined in the 
previous section is considerably more convenient 
to employ than the microbiological procedure, the 
utility of the method depends upon the extent of 
the agreement between the results obtained by this 
chemical procedure with those obtained by the 


Taste [.--Comparison or Resuttrs or Mucro- 
BIOLOGICAL AND CHROMATOGRAPHIC METHODS OF 
ANALYSIS" 

Micro Chromate 
Sample biological graphic 
29 265 
25.2 
20 
27 
2 17.4 17.4 
15 
16.4 
15.5 
3 32.1 3 
29.2 
4 31 31 
35 
30.8 
5 
R15 
6 5.9 6.5 
67 
6.2 


Figures represent per cent of chloramphenicol remaining 
in degraded samples 
The original concentration of chloramphenicol in the 
solution subjected to degradation was 0 25°, 
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GRAPH SHOWING CORRELATION 
BETWEEN MICROBIOLOGICAL 
AND CHROMATOGRAPHIC 

METHODS 
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Fig. 6.—Plot showing the correlation between the 
microbiological and chemical procedures in deter- 
mining the residual concentration of intact chloram- 
phenicol in partially degraded samples. These 
samples were withdrawn at different times from a 
solution of chloramphenicol undergoing degradation. 


biological approach. The evidence presented in 
Table I and Fig. 6, in which the analytical results 
obtained by the two methods for a series of samples 
containing chloramphenicol and its degradation 
products are compared (8), indicates that the agree- 
ment is remarkably good. The results appear to 
be in complete agreement. 

The relative precision of the two methods can be 
seen from the values shown in Tables I and Il. In 
spite of the best technique it is very difficult to 
obtain precision better than one part in 50 by any 
biological method because of the many variables 
involved. With the chromatographic procedure 
both the accuracy and precision obtainable are 
directly dependent on the manipulative care em- 
ployed; good technique readily yields precision of 
the order of two or three parts per thousand. This 
is apparent in Table Il which shows recovery data 
on solutions of known composition. 

In the procedure described above, smaller con- 
centrations of the antibiotic can be determined by 
the microbiological method than by the chromato- 
graphic procedure. With certain obvious modifica- 
tions, however, it is apparent that the latter method 
can be readily adapted so as to allow the detection 
and estimation of chloramphenicol concentrations 
of the order of a few micrograms. 

The very nature of the chromatographic method 
prevents it from distinguishing between optical 


Taste OF *CHLORAMPHENICOL BY 
CHROMATOGRAPHIC METHOD 
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0 (45 0 625 0.02 
0) 344 0 343 -O 


= 
4 ' 
an 
at’ 


March, 1954 


isomers. The close agreement obtained by the two 
methods therefore indicates that racemization is 
not a significant route of deterioration for chlor- 
amphenicol. 
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Antibacterial Activity of Cassia reticulata Willd." 


By HEBER W. YOUNGKEN{ and ROBERT A. WALSH} 


Extracts of Cassia reticulata Willd. inhibit the growth of some microorganisms when 
tested by the F. D. A. Agar Plate method. A dealcoholized extract, approximately 
50 per cent in strength, partially inhibited the growth of E. coli, A. fecalis, S. lutea, 
P. vulgaris, S. typbosa, Ps. aeruginosa, M. pyogenes var. aureus, M. pyogenes var. albus, 


and S. pyogenes but failed to inhibit the growth of A. 


subtilis, and H. influenzae. 


An aqueous extract was less active. 


enes, S. marcescens, B. 
Tests for anthra- 


uinones, emodin, and chrysophanic acid in C. reticulata leaflets were positive. 
he plant and the crude drug, the latter used in the preparation of the extracts for 


inhibitory activity, are described 


TT INVESTIGATION was prompted by reports 

from M. Solera-Viquez of Poas, Costa 
Rica (1), that patients suffering from arthritis, 
rheumatoid fever, and some intestinal dis- 
orders were relieved by the use of infusions and 
decoctions of the leaves of Cassia reticulata 
Willd., a tree of the Leguminosae, native to 
South and Central America, and found growing 
abundantly in certain parts of Costa Rica. 
Solera-Viquez requested the senior author to 
carry out a scientific study of the plant to deter- 
mine its constituents and medicinal properties 
and supplied an abundance of leaves and speci- 
mens of other parts of the plant for the study. 
This report is a preliminary one and, while mainly 
concerned with tests of extracts of the leaflets 
against 14 microorganisms tm vitro, also includes 
some additional observations on the plant and 
crude drug, ascertained in the course of verifying 
the material used in the tests. 

Previously Robbins and his associates (2) had 
reported that an extract made by boiling dried 
leaves of C. reticulata in water, contained sub- 
stances that inhibited the growth of Micrococcus 
pyogenes var. aureus, Mycobacterium phlei, and 
Neisseria gonorrhea, at concentrations of 84 ug. or 
less per ml., in in vitro tests. 
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» and some new characteristics are recorded. 


Anchel (3) has found an antibiotic principle in 
the leaves of C. reticulata which she identified as 
a 4,5-dihydroxyanthraquinone-2-carboxylic acid 
(rhein). 


EXPERIMENTAL 


Materials and Methods.—The dried leaflecs of 
Cassia reticulata Willd. together with other parts of 
the overground plant were gathered for this study 
at Palmares, Costa Rica. Identification of the 
specimens was verified by comparison with her- 
barium sheets of Cassia reticulata in the Gray 
Herbarium. Antibacterial tests were made with a 
40% filtered infusion and a 50% dealcoholized 
fluidextract of the leaflets. The latter was prepared 
by macerating the coarsely ground leaflets with one 
volume of 95% alcohol and two volumes of water 
for twenty-four hours and filtering through filter 
paper, adding menstruum gradually until the drug 


Fig. 1 Willd. Leaf and flow- 


Cassia reticulata 
ering branch of a tree growing in Costa Rica. 
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was exhausted, and removing the alcohol by heating 
the filtrate on a water bath. Tests for anthraqui- 
nones, emodin, and chrysophanic acid, following the 
procedures given in the N. F. LX (4) were positive 
in both the aqueous and dealcoholized extracts. 
Both extracts had a pH of 5.5 

The method of testing the antibacterial action was 
the PF. D. A. agar plate method (5). The organisms 
used were taken from twenty-four-hour broth cul- 
tures of Escherichia coli, Aerobacter aerogenes, Al- 
caligenes fecalis, Sarcina lutea, Serratia marcescens, 
Proteus vulgaris, Salmonella typhosa, Bacillus sub- 
tilis, Bacillus megatherium, Pseudomonas aeruginosa, 
Micrococcus pyogenes var. albus, and Micrococcus 
pyogenes var. aureus. Cultures of Hemophilus in- 
fluensae and Streptococcus pyogenes were tested on 
blood agar plates by streaking the organisms on the 
plates in gridiron fashion. Sterile cups were then 
placed on the surface of the agar and filled with the 
extracts 

After incubation at 37° for twenty-four hours, the 
plates were examined for inhibition of growth, and 
the radius of each zone of inhibition measured and 
recorded. The results of the tests are shown in 
Table I 


Taste [.—-Actriviry or or Cassia 
RETICULATA BY F. D. A. AGar Cup PLate Mernop 
AND MODIPICATION* 


Radius of Inhibition 
-—— Zones 


Dealen- 

Aqueous holized 

Organism Extract Extract 
E. coli - 1 
A. aerogenes = 
A. fecalis ~ 2 
S. lutea 2 4 
S. marcescens 3 - 
P. vulgaris 4 
S. typhosa - 3 
B. subtilis = 
megatherium 4 7 
Ps. aeruginosa - 3 
M. pyogenes var. aureus 2 4 
M. pyogenes var. albus 2 8 
H. influenzae = 
S. pyogenes 4 4 


* Modification used in testing H. influensae and S. pyogenes 
(see text for description) 


Plant. Cassia reticulata was originally described 
by Willdenow (6) in his Enumeratio Plantarum as 
follows: “Cassia foliis decemjugis, foliolis oblonga 
utrinque rotundato-obtusis, subtus pubescenti-canis, 
extimis majoribus, petiolo eglanduloso, leguminibus 
compressus."’ (Cassia with leaves possessing ten 
leaflets, leaflets oblong, rounded-obtuse at both 
ends, downy pubescent beneath, the outermost leaf- 
lets largest, petiole nonglandular, legume com- 
pressed.) He gave its habitat as Para, Brazil. 

MacBride (7) described the species growing in 
Peru as a tall shrub or tree to 15 m. with leaflets in 9 
to 12 or 14 pairs, broadly oblong, or slightly obovate 
and oblique, rounded, or obtuse on both ends, or- 
dinarily 7 to 10 cm. long, 2 to 4 cm. wide, bracts be- 
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Fig. 2.—Cassia reticulata Willd. Branch bearing 
two paripinnate leaves and a flowering and fruiting 
stalk, 


coming ovate, caducous at anthesis; sepals broad, 
colored, the larger exceeded by the deeply veined 
petals; perfect stamens 6, the two larger rostrate, 
10 mm. long; pods oblong compressed, lustrous, 1 
dm. long or longer, 12 mm. broad or broader. 

The herbarium materials examined in the Gray 
Herbarium, collected by Sereno Watson in Guate- 
mala and by H. von Wedel in Panama, and the dried 
leaves, leaflets, and pods received from Costa Rica 
agreed with these descriptions but, in addition, we 
found that the leaflets possessed short petiolules, up 
to 3 mm. in length, their blades up to 15 em. in 
length and up to 5 cm. in width with pinnate-reticu- 
late venation. A number of them possessed emar- 
ginate to retuse apices. Many had inequilateral 
bases and all had an entire margin. The flowers 
were yellow and slightly irregular. 

The dried leaflets were olive green and had a sub- 
coriaceous texture, a slightly sweet taste, and a tea- 
like odor. 
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Malabar Rauwolfia, Rauwolfia micrantha Hook. 


By HEBER W. YOUNGKENt 


micrantha root has been determined as a substitute for 
root in commercial lots offered in nee 
t 


physical characteristics and histolo 


Serpentina 
amounts to American purchasers. 


The 
root of Rawwolfia micrantha are 


scribed. A table of the principal differences between the microscopic structure of 


the roots of Rawwolfia mi 


tha. The paper is accompanied 


R. canescens, and R. tina is presented. Alka- 
loidal material is reported for the first time to occur int 


root of Rawwolfia micran- 


three figures illustrating a leaf and fruiting 


branch, the histology of a cross section of the root, and the isolated tissue elements 
Rauwolfia micrantha. 


of the root of 


Rowe micrantha Hook. f. (1) is a shrub 

belonging to the A pocynaceae, native to the 
Malabar district of India. It is characterized 
by possessing slender branches bearing opposite 
to 3-whorled, elliptic-lanceolate and oblanceo- 
late, acuminate leaves, few flowered cymes of 
small tubular flowers and drupe fruits (Fig. 1). 
It occurs in the Coastal Plain area of India where 
some lots of commercial roots of Rawwolfia 
serpeniina have been gathered. 

In another paper (2) the author reported the 
occasional presence of roots of Rawwolfia micran- 
tha in some commercial samples he had examined 
which were labeled ‘‘Rauwolfia Serpentina 
Root.” Since that time he has detected this 
spurious root to be of more frequent occurrence, 
and usually found as a complete substitute for 
genuine Rauwolfia Serpentina drug in an in- 
creased number of commercial lots offered to 
prospective purchasers in the United States. 

The purpose of this paper is to report more de- 
tailed studies carried out by the author on the 
roots of Malabar Rauwolfia, including qualitative 
tests for the presence of alkaloidal material, and 
some histological distinctions between it, Rau- 
wolfia serpentina, and R. canescens roots. 


MATERIALS AND METHODS 


The materials used consisted of a number of sam- 
ples of commercial lots labeled ““Rauwolfia Serpen- 
tina Root” received from importers and manufac- 
turers which were compared with botanically verified 
roots of Rauwolfia micrantha collected for the author 
by Dr. S. Rajagopalan and his assistant in North 
and South Travancore, India, and with botanically 
authenticated roots of Rauwolfia serpentina and R. 
canescens, as already described by the author (2). 
The usual macroscopic, microscopic, and micro- 
chemic methods employed in the pharmacognostic 
examination of crude drugs were used in determining 
the identity of the spurious commercial Rauwolfia 
material, later described in this paper. A compara- 
tive histological examination was made of temporary 
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Fig. 1.—Rauwolfia micrantha Hook. f. Leaf and 
fruiting branch. 


and permanent stained mounts of sections of similar 
diameter, of starch grains in numerous water 
mounts, and of many slide preparations of teased out 
tissue elements of pieces of the roots, previously 
macerated in chromic acid-nitric acid mixture, of 
Rauwolfia micrantha, R. canescens, and R. serpentina. 
Their microscopic structures were recorded. 

Qualitative tests for the presence of alkaloidal 
material in the roots of Rauwolfia micrantha were 
carried out by the use of test tubes containing a 
filtered alcoholic solution of the ground root into 
each of which was introduced a different standard 
alkaloidal reagent, the details of which are later 
described in this paper. A portion of the precipitate 
formed with gold chloride T. S., was transferred to a 
microslide, allowed to crystallize out at room tem- 
perature, and the crystals examined microscopically 
and compared with the crystals formed by allowing 
several drops of the gold chloride test solution used 
in the test to crystallize out on a microslide at the 
same room temperature. 
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RAUWOLFIA MICRANTHA ROOT 
Physical Characteristics. The commercial root 


occurs in straight, curved, or tortuous segments up 
to about 10 cm. in length and from 2 mm. to 2.5 cm 
in diameter; externally yellowish brown, the bark 
nearly smooth to irregularly longitudinally striated, 
to wrinkled and scaly, in thick segments compara- 
tively thin and easily peeling from the wood; frac- 
ture of thinner pieces short and irregular, of thicker 
pieces, irregular and splintery; the thick shorter 
segments unbreakable by hand; wood pale yellow 
and very hard in texture; odor indistinct; taste very 
bitter 

Histology..-The cork shows stratification (Fig. 
2, K,) and consists of 2-7 bands of alternating larger 
and radiately broader cells with lignified walls and 
smaller and radiately narrower cells. The larger 
cork cells in cross sections are up to 75 uw in tangential 
length and up to 48, in radial width. The smaller 
cork cells usually occur in 1-3 or 4 layered bands, 
the larger cork cells, in 2-9 layered bands. Be- 
neath the cork occurs a phellogen of a layer or two of 
thin-walled cells followed by the secondary cortex 
(Co). The latter consists mostly of starch- and 
crystal-bearing parenchyma with some scattered 
cells with a yellowish brown amorphous content, 
comprising up to about 14 layers of tangentially 
elongated and rounded cells. The subjacent second- 
ary phloem (?) consists of a narrow band of starch- 
and crystal-bearing phloem parenchyma, sieve cells 
and tubes, and companion cells, and is traversed by 
phloem rays which curve outward. The phloem 
rays are 1-4 cells in width. Numerous monoclinic 
prisms, smaller angular crystals, and a number of 
twin prisms of calcium oxalate mostly up to 20 y, 
occasionally up to 38 gw, occur in the phloem paren- 
chyma. In longitudinal-radial sections, the crystal- 
cells frequently occurred in rows. Scattered through 
the phloem are numerous stone cells (st), fiber-like 
stone cells (sel), and fibers (Fig. 2). The lignified 
walls of these are mostly thicker than the lumen. 
They occur mostly singly but also in groups of up to 
24. The fiber-like stone cells were up to 240 ug in 
length, up to 38 w in width, and possessed beaded 
walls. Among them occurred a peculiar diagnostic 
type with an irregular hooked end. (Fig. 3 (sc/)) 
The fibers measured up to 800 y in length and 38 » 
in width. 

The xylem (Fig. 2, VY) consists of a broad zone of 
numerous wood wedges separated by many wood 
rays 1-5 cells in width, the walls of all of its elements 
being lignified. The wood rays as seen in cross 
section were of two types, one of broader mostly 
isodiametric cells, the other of narrower, elongated 
rectangular cells. Both have pitted walls. The 
wood wedges contain numerous wood fibers, and 
tracheids with relatively fewer vessels, the latter 
mostly arranged singly, but occasionally in radiate 
groups, in pairs, and in nests of up to 7, as viewed in 
cross sections. The vessel elements have pitted and 
bordered pitted walls, are circular, oval, or polygonal 
in cross section with transverse, oblique, and tapered 
end walls. They are scattered irregularly in the 
xylem. Perforation plate openings occur in both 
end and side walls in different vessels. The vessel 
elements measured up to 450 » in length and up to 
57 w, rarely up to 72 « in diameter. A number 
showed tyloses and those of some roots, gummy 
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Fig. 2.—-Rauwoifia micrantha Hook.f. Transverse 
section of a representative portion of the root. K, 
K,, stratified cork; Co, cortex; st, stone cell; sel, 
sclerenchyma; phloem; Ca, cambium; YX, 
secondary xylem; wf, wood fibers; v, vessels; r+, 
vascular rays. Magnified. 


Fig. 3.—Rauwolfia micrantha root. Histological 


elements. tracheid; v, vessel; 
chyma cell; wf, wood fibers; 


wood paren- 
r, xylem ray cells; 


f, phloem fibers; &, cork tissue in surface view; st, 


starch grains; scl, fiber-like stone cells; cr, prisms of 
calcium oxalate; sic, stone cell. 
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I.—Some Important Distinctions BETWEEN Roots OF RAUWOLFIA MICRANTHA, R. CANESCENS 


Rauwolfia micrantha 

Cork: stratified 

Phloem sclerenchyma: present 
and more abundant 

Vessels: least numerous, mostly 
up to 57 yw, rarely up to 72 uw in 
diameter 

Wood fibers: 
length 

Stone cells: isodiametric, oval, to 
fiber-like and without pointed 
cuticular projections; one form 
of fiber-like stone cell with 
hooked end 

Starch grains: least abundant, 
(in powder ) the unaltered grains 
up to 21 yw, the altered, up to 


up to 1460 y» in 


AND R. SERPENTINA* 


Rauwolfa canescens 
Usually not stratified 
Present and less abundant 


Most numerous 

Up to 70 w, very rarely to 85 wu 
in diameter 

Up to 1500 u in length, many 
showing irregular curvatures 

Isodiametric to fiber-like, irreg- 
ularly lobed, curved, and poly- 
morphic. One form with sep- 
tated lumen and _ pointed 
cuticular projections 

Less abundant, mostly under 
15 w, occasionally up to 26 « 
in diameter 


Stratified 
Absent 


Less numerous 
Up to 57 win diameter 


Up to 750 yu in length 
Absent 


Most abundant, the unaltered 
grains up to 27 yw, the altered, 
up to 50 uw in diameter 


31 w in diameter 
Xylem rays: 1 to 
width 


5 cells in 


1 to 5 cells in width 


Usually 1 to 5 cells in width, oc- 
casionally 1 to 8 cells in width 


* In 5 transverse sections of different roots of each of these species, all 16 mm. in diameter, the ‘avera © number of wood 
wedges and of xylem rays within 1000 » of the secondary xylem just beneath the cambium was 12 each for R. micrantha, 5 


each for R. canescens and 3.6 each for R. serpentina 


lignin deposits. The wood parenchyma cells were 
more or less rectangular in longitudinal section with 
lignified and pitted walls, starch contents, and up to 
133 w in length. The wood fibers (Figs. 2, 3, wf), 
representing the most numerous of xylem elements, 
were up to 1460 uw in length and 38 yin width. They 
possessed tapered to abruptly tapered ends, walls 
with simple and oblique pits which were up to 11 « 
in thickness and strongly lignified. The tracheids 
possessed simple to bordered pits and attained a 
length of 600 uw. An occasional elongated latex cell 
with yellowish brown, finely granular contents was 
found in some longitudinal sections. 

Numerous mounts of scraped and ground root 
were examined in water mounts for starch. The 
starch grains (Fig. 3, st) are simple to 2- or 3-com- 
pound, unaltered and altered, the individual grains 
up to 21 wz and with a central cleft hilum, the altered 
grains up to 31 yw in diameter; numerous irregular, 
amorphous masses of brownish color also occurred 
in the ground root. 

Alkaloidal Material.—Qualitative tests for alka- 
loids were made and reported for the first time on 
Rauwolfia’ micrantha root. Ten grams of the 


coarsely ground root were macerated overnight in 
100 cc. of 95 per cent alcoho! and filtered through 
chemical filter paper. Portions of this filtrate were 
poured into each of 5 test tubes. The filtrate frac- 
tions in the test tubes were tested by the addition of 
the following alkaloidal reagents: LEschbach’s re- 
agent, Wagner's reagent, gold chloride T. S., May- 
er’s reagent, and tannic acid T. S. A precipitate 
occurred in each test tube, indicating the presence of 
one or more alkaloids. To substantiate further the 
presence of alkaloidal material in Rauwolfia 
micrantha root, the crystals of a compound formed 
with the gold chloride as represented by the pre- 
cipitate formed in the filtered alcoholic solution of 
the ground root after treatment with gold chloride 
T. S., were entirely different in structure from the 
crystals formed by evaporating a thin film of gold 
chloride on a microslide (see Methods). 


REFERENCES 


(1) Hooker, J. D., “Flora of British India,” Vol. IIT, 
L. Reeve and Co., Lendon, 1882, p. 663 
(2) Voungken, H. Tars Journar, 43, 144(1954). 


VENEREAL DISEASE SYMPOSIUM 


The Department of Health, Education, and Welfare has announced the Sixth Annual Symposium 
on Recent Advances in the Study of Venereal Diseases, to be held in Washington, D. C., April 29 and 
30, 1954. The sessions are open to all physicians and workers in allied professions who are interested, 
Topics to be discussed will cover basic and clinical research, serology, epidemiology, treatment, pro- 
gram operation, and professior al education. 
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A Preliminary Chemical Investigation of Rauwolfia 
serpentina™ 
By WENDELL L. HOLT} and CHRISTOPHER H. COSTELLO} 


auwolfia serpentina is summarized and a 
of the chemistry of this drug is reported. 


liminary investigation 


It was found that of five commercial 


varieties examined, Dehra Dun and Himalayan materials had the most potent anti- 
hypertensive activity, while materials labeled Coastal Plain and Malabar varieties 
were moments to grossly adulterated with another species of Rauwolfia. The 
same types of alk 


aloids were found in the Dehra Dun and Malabar varieties, but 


their proportions vary considerably. 


oe serpentina, Bentham, a drug used 
as a sovereign remedy in the native medi 
cine of India and Malaya for centuries has re- 
cently evinced great interest because of its re- 
ported high therapeutic index, and noncritical 
dosage in the treatment of hypertension. The 
drug is official in the British Pharmaceutical 
Codex and the Indian Pharmacopeial List. Sev- 
eral products containing the whole drug or its 
alkaloids have recently been introduced. 

Despite its potentialities, a review of the litera- 
ture on Rauwolfia revealed the need of consider- 
ably more scientific exploration and documen- 
tation, particularly since certain discrepancies 
exist in the findings of various investigators. 
This report constitutes a summary of the sig- 
nificant literature of Rauwwolfia serpentina and a 
preliminary chemical investigation of several 
commercial materials in an attempt to compare 
the nature and proportion of their active princi- 
ples and to determine optimum methods for their 
separation. 

Five varieties of Rauwolfia serpentina roots 
are reported to be sold on the Indian market 
according to the place of origin or source of sup- 
ply. These are Bengal, Bihar, Dehra Dun, 
Assam, and Ceylon. We have also encountered 
three other varieties designated as Himalayan, 
Coastal Plain, and Malabar material. The last 
two have been found to be moderately to grossly 
adulterated with an unidentified 
Rauwolfia. 


species of 


CHEMICAL HISTORY 


Chemical investigation was meager until 1931, 
when the Siddiquis (1) reported the isolation of five 
alkaloids from the Bihar variety. Three of these 
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alkaloids which they called ajmaline, ajmalinine, and 
ajmalicine were weakly basic while the other two, 
serpentine and serpentinine, were strongly basic 


alkaloids. In 1939, the Siddiquis (2) isolated from 
the Dehra Dun variety two new alkaloids which 
they named isoajmaline and neoajmaline respec- 
tively. 

The alkaloids rauwolfine and isorauwolline which 
were isolated by van Itallie and Steenhauer in 1932 
(3) were probably identical with ajmaline and iso- 
ajmaline, respectively. 

In 1944, Gupta, Kahali, and Dutt (4) isolated 
from the resin of Rauwolfia serpentina a nonalka- 
loidal fraction which had decided hypnotic but no 
hypotensive properties. 

Chatterjee and Bose (5) in 1951 reported the isol-a 
tion of a new weakly basic alkaloid rauwollfinine from 
Rauwolfia serpentina which had antihypertensive 
properties. 

In 1951, Chakravarty, ef al. (6), reported on the 
clinical use of a “new” but unidentiued alkaloid 
called “RS 51” which was purported to be obtained 
by extraction of the dried alcoholic extract with 
petroleum ether. 

Reserpine, a relatively weakly basic alkaloid 
possessing sedative activity, was isolated from the 
oleoresin fraction by Muller, Schlittler, and Bein in 
1952 (7). Working independently, Klohs, ef a/. (8), 
and Neuss, et al. (9), isolated reserpine by chroma- 
tography of the oleoresin fraction. 

The isolation of two more alkaloids from Rauwolfia 
serpentina was reported in 1953. These were 
weakly basic sarpagin reported by Stoll and Hof- 
mann (10) and raupin, claimed to be isomeric with 
ajmalinine by Bodendorf and Eder (11) 

While little is known about several of the alka 
loids reported, some have been characterized and 
structural formulas proposed, particularly ajmaline 
(3, 12-16) serpentine (12, 15-18) and reserpine 
(7-9). 


PHARMACOLOGICAL HISTORY 


The reports on the pharmacological actions of 
these alkaloids have been somewhat conflicting. 
In a series of papers given from 1936 to 1946 Ray- 
mond-Hamet (19-23) reported that ajmaline de- 
creased the tone and amplitude of intestinal contrac- 
tions and produced a strong and lasting fall in blood 
pressure. Ajmaline had a _ selective paralyzing 
action on the vasoconstrictors reactive to adrenalin, 
acting as a true sympathicolytic. Serpentine was a 
more potent hypotensive agent with a prolonged 


a 
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action, and inhibiting to peristalsis. Serpentinine 
neutralized the renal vasoconstrictor action of 
adrenalin, but did not reduce its hypertensive ac- 
tion. In the absence of adrenalin, however, it had a 
pronounced depressor and vasodilator action. 

Chopra (24-26) and his colleagues found that 
serpentine produced falls in arterial pressure in both 
decerebrate and spinal animals, whereas ajmaline 
and serpentinine raised the pressure in decerebrate 
animals, but lowered it in spinal animals. Only 
serpentine was antihypertensive in intact normal 
cats but all the alkaloids were effective in experi- 
mental hypertension, serpentine producing the 
maximum effect. Serpentine depressed, whereas 
serpentinine and ajmaline stimulated the intestine. 
All three were reported as medullary stimulants, not 
sedatives. 

Several investigators have reported the cardio- 
depressant action of ajmaline, particularly its ability 
to diminish the transmission of nerve impulses even 
when the vagi are cut. 

Gupta and Kahali (27) found that the total alka- 
loids separated from Dehra Dun variety of Rauwolfia 
serpentina, depressed only the circulation, whereas 
total alkaloids of Bihar and Bengal varieties de- 
pressed CNS as well. Kapur (28), however, found 
that total alkaloids of Bihar and Dehra Dun varie- 
ties depressed both. Both authorities agree on 
their hypotensive and respiratory depressant actions 
but disagree on the actions on uterus and intestine. 
Kapur believes that because of the wider therapeutic 
index, the total alkaloidal extracts are safer to use 
than the individual alkaloids 

Bhatia and Kapur (29) found that both neo- 
ajmaline and isoajmaline reduced normal or induced 


blood pressure in either intact, spinal, or decerebrate 
animals. 

Reserpine, according to Bein (30) shows a very 
marked hypnotic effect on dogs, cats and rabbits 


and lowers the blood pressure. He found that 
reserpine inhibits pressor responses evoked by elec- 
trical stimulation of the afferent vagus and sciatic 
nerves but no inhibition was evoked by electrical 
stimulation of splanchnic nerves. Stimulation of 
peristalsis was noted. Reserpine had no peripheral 
sympathicolytic and ganglionic blocking action but 
enhanced the action of sympathicomimetic com- 
pounds. 

According to Achelis and Kroneberg (31), raupin 
has a more marked adrenolytic action on smooth 
muscle than the total alkaloids of the drug. It is 
hypotensive in cats in i. v. doses of 0.5 to 2 mg./Kg. 
overcoming the pressor effect of adrenalin. The 
alkaloid was well tolerated by mice in doses of 60 
mg./Kg. and was not sedative even at this dosage. 


EXPERIMENTAL 


Relative Potencies vs. Total Alkaloidal Content 
of Commercial Varieties.—Alcoholic extracts of 
several samples of the drug, designated by the sup- 
pliers as Dehra Dun, Himalayan, Bihar, Coastal 
Plain, and Malabar materials, respectively, were 
prepared by percolation with SDA 23A alcohol (10 
parts acetone to 90 parts of alcohol) until no further 
tests for alkaloids with Mayer's reagent were ob- 
tained, and compared pharmacologically for hypo- 
tensive activity. Detailed results are reported else- 
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where (32, 33). It was found that maceration with 
2% concentrated ammonia in this solvent prior to 
percolation materially increased the potency of 
these extracts. As was expected, these extracts 
varied widely in potency, not only between different 
varieties, but also between different samples of the 
same variety. Generally, Dehra Dun and Hima- 
layan material were the most potent; Coastal Plain 
and Bihar materials approximately half as potent 
and Malabar material one-fifth as potent as the 
Dehra Dun or Himalayan. Since a total of only 
nine samples were involved it would be premature to 
assume from these results that any one variety is 
consistently the most potent until a statistically 
significant number of different samples were so ex- 
amined. 

The Himalayan, Bihar, Coastal Plain, and Mala- 
bar materials were submitted to assay for total alka- 
loids as prescribed by the British Pharmaceutical 
Codex of 1949 for Rauwolfia to determine the rela- 
tionship, if any, between total alkaloid content and 
antihypertensive activity. The supply of Dehra 
Dun was unfortunately exhausted and could not be 
run. The percentayes of total alkaloids found were 
as follows: Himalayan 2.20%; Bihar 2.32%; Coas- 
tal Plain 1.42%; and Malabar 1.2%. 

From this it is quite apparent that the total alka- 
loid content is not indicative of the antihypertensive 
potency of the drug, and does not constitute a reli- 
able standard, unless the nature and proportion of 
the individual alkaloids are known. Until such 
time as a reliable chemical standard is available, a 
bioassay based on its hypotensive action should be 
established for the drug. 

It is interesting to note that Dr. Heber Youngken 
found that the Coastal Plain and Malabar varieties 
were moderately to grossly adulterated with another 
species of Rauwolfia,' while all the others examined 
were authentic Rauwolfia serpentina. Subsequent 
chemical examinations revealed considerable differ- 
ences in the proportion of individual alkaloids be- 
tween the adulterated and authentic species. 

Determination of Optimum Solvent.——In order to 
determine the best solvent for the extraction of the 
active principles of the drug from a pharmaceutical 
standpoint, separate portions of Himalayan sample, 
the alcoholic extract of which had demonstrated 
good antihypertensive effect, were extracted with 
several of the common solvents, and from the re- 
sultant extracts the total alkaloids were separated 
and tested pharmacologically. 

In each case the drug was pretreated with stronger 
ammonia water, and continuously extracted with 
the solvent to exhaustion in a Soxhlet apparatus. 

The total alkaloids were removed from these ex- 
tracts by a method which differed slightly from the 
British Pharmaceutical Codex method in these two 
respects. The alcohol and acetone extracts were 
made immiscible for acid extraction by adding 
chloroform to their concentrated solutions, and all 
extracts were first run through an additional acid 
extraction to remove the bulk of the impurities. 

The results of these experiments are presented in 
Table I. 

Determination of Optimum Method of Total 
Alkaloid Separation.—_Several conventionally used 
methods of total alkaloid separation as well as those 

py Dr. Voungkea’s article in this issue of Tats Journar, 
p. 
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appearing in the literature specifically for Rauwolfia 
were compared as possible starting points for the 
isolation and characterization of the individual 
alkaloids and as assay methods. In each case, 
Rauwolfia serpentina of known antihypertensive 
activity was used. 

The U. S. P. XIV Method of Alkaloidal Drug 
Assay (Proximate Assays), using extraction method 
C with ether as the immiscible solvent, yielded a 
fraction that had little of the drug's antihypertensive 
activity. 

A method recommended by Bakshi (34) was 
carried out which consisted of extracting the 
evaporated alcoholic extract with 0.1 N HCI, filter- 
ing off the resin, precipitating the alkaloids with 
stronger ammonia, and purifying by repeating the 
acid extraction and precipitation with ammonia. 
The resultant total alkaloid fraction was relatively 
active, but it was found that the resin removed in 
the process had nearly an equal activity, demonstrat- 
ing the inefficiency of the acid extraction. Sub- 
sequent experience has revealed that ammonia will 
precipitate the ajmaline group, and the weaker 
yellow alkaloids, from acid solution, but sodium 
hydroxide is required to precipitate serpentine. 


Taste I.—Comparison Or ToTaL ALKALOIDS AND 
ANTINYPERTENSIVE PoTenctes EXTRACTS 
OBTAINED BY VARIOUS SOLVENTS 


Total Index of 
Alkaloids, Antihypertensive 

Solvent % vtency drop) 
Ethanol 1.54 26 
Ether 1.35 19 
Acetone 1.86 44 
Petroleum ether 4 15 
Chloroform 1.44 33 
Benzene 1.39 23 
Ethylene dichloride 1.56 2 
Direct B. P.C. Method 2.20 7.5 


The procedure employed by Chakravarty, et al. 
(6), for the extraction of the alkaloids “RS 51” 
failed to produce any alkaloidal or antihypertensive 
material whatsoever in our hands. The method 
outlined by these investigators consists of extracting 
the evaporated alcoholic extract with petroleum 
ether, extracting the petroleum ether extract with 
10% HCl, and making the aqueous phase alkaline 
with ammonia in the presence of chloroform. The 
alkaloid is supposed to be obtained as a free base on 
separating and distilling off the chloroform layer. 

Because of the structural resemblance between 
certain Rauwolfia alkaloids and yohimbine, the 
process commercially employed (35) for the extrac- 
tion of the latter was tried. This process involves 
the extraction of the alcoholic extract with CCk, 
the removal of the total alkaloids from the CCl, 
solution with 5% HCl, and subsequent purification. 
The purification process was not carried out since 
both the CCL, and acid solutions contained negligible 
amounts of alkaloids as determined by Mayer's 
reagent, whereas the residue remaining after the ex- 
traction process gave strongly positive tests. 

The procedure of Schlittler and Schwarz (17) 
previously mentioned was carried out to the point 
where the crude ajmaline bases are separated with 
ethylene dichloride, and the serpentine bases are 
obtained in the methanol acetic acid fraction 
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The potency of these fractions indicates that most 
of the activity of the drug was recovered quantita- 
tively in these concentrates, with the serpentine 
fraction having somewhat over twice the potency of 
the ajmaline fraction. 

The method of assay for Rauwolfia serpentina in 
the British Pharmaceutical Codex invariably gave the 
highest yield of total alkaloids by weight. No 
attempt was made at this time to determine the type 
and proportion of alkaloids obtained by this method, 
but the hypotensive activity of the total alkaloids 
indicates that this method by no means extracts the 
total hypotensive activity of the drug and is not a 
reliable standard (see Table 1). 

The method employed by the Siddiquis (1) was 
carried to the point where the crude total ajmaline 
alkaloids and the crude tota! serpentine alkaloids 
were separated. The former theoretically contains 
all the ajmaline, ajmalinine, and ajmalicine and the 
latter all the serpentinine and serpentine. This 
scheme of separation, slightly modified from the 
original method, is outlined in Fig. 1. 

When this method was applied to a sample of 
Dehra Dun variety the alcoholic extract of which 
had high antihypertensive activity, the combined 
fractions had only about one-tenth the activity dis- 
played by their equivalent in alcoholic extract of the 
crude drug. 

Since this procedure is somewhat complicated in- 
volving numerous extractions and precipitations, 
much of the activity may have been lost in the 
process of separation. The resin remaining after 
this procedure was also found to contain some 
alkaloids. At any rate, it is apparent that the active 
principles cannot be separated quantitatively by 
this method. However, this procedure is extremely 
valuable as a starting point for the isolation of the 
various alkaloids, and for approximating the propor- 
tion in which the two main groups exist in a given 
sample. The latter information is highly important 
since the serpentine group is considerably more 
potent than the ajmaline group in antihypertensive 
activity. Consequently a total alkaloid determina- 
tion may be highly misleading if used as an index of 
potency unless this proportion is known. 

Samples of Dehra Dun and Malabar material 
were separately submitted to a modification of the 
method of the Siddiquis (1) for the isolation of their 
component alkaloids. In both cases the materials 
were worked up to the crude ajmaline and crude 
serpentine groups as outlined previously (Fig. 1). 

These groups were further separated into crystal- 
line alkaloids and fractions of amorphous material 
containing individual alkaloids. The same types of 
alkaloids were found in both varieties but in widely 
varying proportions. This variation may account 
for certain differences noted in antihypertensive 
activity. 


SUMMARY 


(1) The literature of Rauwwolfia serpentina is 
summarized and a preliminary investigation 
made of its chemistry. 

(2) Of the five commercial varieties inves- 
tigated, Dehra Dun and Himalayan materials 
had the most potent antihypertensive activity. 
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CRUDE ORUG, POWDER } 


Moceroted with SOA 23A aicono! containing 2% NH,OM sol. 
Percoloted with SOA 234 aicoho! 
Concentroted in vocuum 


[ 2. avcowo.ic extract } 


Ext. with petroleum ether 


| 3. ALCOHOLIC ExTRacT |} 


Mode alkaline with NH,OH 
Ext. with ether: aicohol 10:1 


| 14 


[4 ALCOHOLIC ExTRACT } 


Made alkaline with NoOH soil 
Ext. with ether: cicohol 10:1 


6. ETHER-ALCOHOL PHASE 
CONTAINING CRUDE 
SERPENTIME GROUP 


Gos 


+ 


5. RESIOUE 
CHIEFLY RESINS 


PETROLEUM ETHER PHASE | 
Evaporoted 
‘$. ETHER-ALCOMOL PHASE 
CONTAINING AJMALINE GROUP 


Solvent evaporated off 
Residue dissolved in 
dilute acetic acid 
AQUEOUS PHASE 
CONTAINING AJMALINE GROUP 


Mode aikoline with NH, OH 


7. SYRUPY BROWN LAYER OF 
ALKALOID HYDROCHLORIDES 


| 18. FILTRATE 


17. PPT. CRUDE 
AJMALINE GROUP BASES 


Ext. with woter 


Made ecid with HC) 
and combined with 


+ 


Serpentine Group 


8. AQUEOUS PHASE 


| 9. ETHER PHASE | 


(Step 8) 


CONTAIN'ING ALKALOID HYOROCHLORIDES 
AND SERPENTINE GROUP 


Discarded 


Acid aqueous solution from Step 18 added 


Made alkaline with NH4OH 


10. PPT. OF WEAKER 
SERPENTINE BASES 
AND/OR AJMALINE GROUP 


FILTRATE 


Made aikaline with NaOH so! 


PPT. STRONGER 
SERPENTINE BASES 


k 


13. FILTRATE } 


Ext. with ether: cicohol 10:1, 
Residue, after evoporation 
of solvent combined with 
Step 12. 


Fig. 1 —Method of extraction and separation of Rauwolfia alkaloids into groups, 


(3) Materials labeled Coastal Plain and 
Malabar varieties were moderately to grossly 
adulterated with another species of Rauwolfia. 

(4) The total alkaloid content is not indica- 
tive of the antihypertensive activity of the drug 
and is an unreliable standard unless the propor- 
tion of the individual alkaloids is known. 

(5) Chloroform, acetone, and ethylene di- 
chloride were found to be the best single sol- 
vents for the extraction of the total alkaloids 
and hypotensive principles from the drug. 

(6) A modification of the British Pharmaceu- 
tical Codex Assay is suggested as a more accurate 
standard for the drug. 

(7) The method of Siddiqui was found to be 
most satisfactory for determining the proportion 
of the main groups of alkaloids and for the iso- 
lation of certain of the individual alkaloids. 

(8) The same types of alkaloids were found 
in both Dehra Dun and Malabar varieties, but 
their proportions vary considerably, which may 
account for the difference in antihypertensive 
activity. 
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Bifunctional Theophylline Derivatives and 
Corresponding Imidazolines* 


By GEORGE P. HAGER and CARL KAISERt 


In a study of bifunctional analogs of pharmacodynamically active substances having 


one functional group, 
bifunctional analo 
A series of relat 


4,4’-bis (2-methylene-2-imidazoline )-di 
of Priscoline was reported 
bis (2-methylene-2-imidazoline 


enyl ether, a 
to produce a fall in blood pressure. 
rivatives has been prepared 


along with several corresponding theophylline derivatives for testing as vaso- 
depressor agents. 


A SYMMETRICAL ARRANGEMENT of two similar 
functional groups in a molecule is consistent 

with a high order of certain types of biological 
activity; and for that reason a number of sym- 
metrical bifunctional analogs of pharmacodynam- 
ically active substances have been prepared (1). 
4,4’ - Bis(2 - methylene - 2 -imidazoline) -dipheny! 
ether, which bears this relationship to Priscoline, 
was found to possess some vasodepressor activity 
(1). Since maxirium biological activity in other 
series of bifunctional compounds is to some degree 
determined by the intramolecular distance sep 
arating the two functional groups, the stem 
nuclei of a series of bifunctional analogs of Pris- 
coline have been chosen to produce a somewhat 
regular variation in this distance (I, where X = 
O—, —-CH,CH,—, —O(CH,);0—, and —O(C- 
H,),O—). These imidazolines were prepared by 


H 

| >-cHr< >-x >—CH:—< 


(1) 


fusion of the corresponding dinitriles with ethvl- 
enediamine p-toluenesulfonate by the method 
described by Oxley and Short (2). 

1,5 - Bis(2 - methylene - 2 - imidazoline) - naph- 
thalene (II) prepared in the same way was in- 
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cluded in the series and was of particular interest 
because of its structural relationship to Priscoline 
(IIT) and also to Privine (IV). 


NSH, 
N SN 


A 
(11) 
H 
N=; 
- ‘N 
(IIT) 
H 
ane 
CH, \ 
N 
— 
(IV) 


In lowering blood pressure, 1,5-bis (2-methyl- 
ene-2-imidazoline)-naphthalene appeared to be 
the most active of the group. However, it was 
not possible to make a complete evaluation of rel- 
ative circulatory effects because the compounds 
inhibited respiration in the doses which appeared 
to be necessary for the effect on blood pressure. 
Several of the compounds were spasmogenic when 
tested using isolated guinea pig intestine. In 
these tests, 4,4’-bis(2-methvle e-2-imidazoline) - 
bibenzyl and 1,5-bis(2-methylene-2-imidazoline)- 
naphthalene had a spasmolytic effect which was 
much less pronounced and specific than that of 


= 
(30) 
(31) 
schaften, 4, 34201 
324(1953 
H 
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diphenhydramine. It should be of interest also 
to study the antibacterial properties of these 
compounds because of their structural relation- 
ship to a parallel series of amidines which were 
found to be active against Mycobacterium tuber- 
culosis HyRv (3). The imidazolines (V) may be 
regarded as cyclic analogs of the amidines (V1). 


H 
NC aman 
N ‘N 
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The 8-aralkyltheophyllines such as 8-benzyl- 
theophylline were prepared in an effort to combine 
in one molecule the structural features necessary 
for the vasodepressor effect of theophylline with 
those necessary for the vasodepressor effect of 
Priscoline (5). However, the pharmacodynamic 
activity of the 8-aralkyltheophyllines appears to 


(Vv) 
NH, 
C—CH,— 
IN \ 
(V1) 


Bifunctional analogs of another type of vaso- 
depressor, 8-benzyltheophylline (4), were pre- 
pared from the same intermediates used in the 
preparation of the bifunctional analogs of Pris- 
coline (see formula VII). 


rs) 
H,C 
N 
CH,—< 
oO NON 
CH, 
X = 


be that which is characteristic of theophylline 
and the structural determinants of Priscoline-like 
activity must be presumed lost or suppressed in 
the combination. Inasmuch as the bifunctional 
analogs of Priscoline and also those of 8-benzyl- 


oO 
Nar CH; 
. 
N 0 

CH, 

O(CH,),0— 


(VII) 


These compounds can be made by fusion of the 
appropriate dicarboxylic acid with 1,3-dimethyl- 
5,6-diaminouracil followed by cyclization with 
the use of sodium hydroxide (4). However, 
because of the high melting points of the dicar- 
boxylic acids and the tendency of 1,3-dimethyl- 
5,6-diaminouracil to decompose around 200°, the 
whole reaction including amide formation and 
cyclization may be better accomplished by re- 
fluxing a solution of the starting materials in 
phosphorus oxychloride. Although the prepa- 
ration of 8-phenyltheophylline by fusion of 
benzoic acid with 1,3-dimethyl-5,6 diaminouracil 
by the former procedure was unsuccessful (5), 
this compound was prepared in 39 per cent 
yield, using phosphorus oxychloride as the solvent. 

In preliminary studies, the bifunctional analogs 
of 8-benzyltheophylline produced an effect on 
blood pressure which was qualitatively and quan- 
titatively much like that of the monofunctional 
prototype. The disadvantage of limited water 
solubility, characteristic of 8-benzyltheophylline, 
is true to a still higher degree with the bifunctional 
analogs. 


theophylline retain to some extent the vasode- 
pressor activity of the parent monofunctional 
compounds, it seems possible that a hybridiza- 
tion of structures accomplished without modi- 
fication of the functional groups of either parent 
substance may combine in one molecule the 
pharmacodynamic properties of both Priscoline 
and theophylline. Current studies have as their 
objective the preparation of a series of such bi- 
functional analogs of Priscoline and 8-benzylthe- 
ophylline (VIII). 


EXPERIMENTAL 


1,3-Bis| 4- (2 - methylene - 2 - imidazoline) - phen- 
oxy |-propane.—A mixture of 6.1 Gm. (0.02 mole) 
of 1,3-bis(4-cyanomethylphenoxy )-propane (1) and 
11.6 Gm. (0.05 mole) of ethylenediamine p-toluene- 
sulfonate (2) was heated at 210° for one hour. The 
product, a salt of the bis(imidazoline) and p-toluene- 
sulfonic acid, was dissolved in water and the solu- 
tion was made alkaline with sodium hydroxide and 
extracted with chloroform. The chloroform solu- 
tion was dried using anhydrous sodium sulfate and 
the chloroform was removed by distillation. The 
residue was recrystallized from 95% ethanol, and 
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(VIII) 


6 Gm. (76%) of fine, white crystalline 1,3-bis| 4-(2- 
methylene-2-imidazoline )-phenoxy | -propane was ob- 


tained; m. p. 198-200° dec 
Anal. —Caled. for N, 14.26. Found: 
N, 14.01 


The dihydrochloride was prepared in the usual 
way, m. p. 248-250° dec 

1,5-Bis| 4- (2 - methylene - 2 - imidazoline ) - phen- 
oxy |-pentane.-Prepared in 80% yield from 1,5- 
bis(4-cyanomethylphenoxy)-pentane (1) by the 
method described for  1,3-bis|4-(2-methylene-2- 
imidazoline )}-phenoxy|-propane; white crystalline 
solid, m. p. 164-165° dec 

Anal.—-Caled. for N, 13.32. Found: 
N, 13.12 

The dihydrochloride was prepared in the usual 
way; m. p. 200-210.5° 

4,4 '-Bis( 2-methylene-2-imidazoline )-bibenzyl. 
Prepared in 04% yield from 4,4’-bis(cyanomethy])- 
bibenzyl (6); white crystals, m. p. 198-200° dec 

Anal.—Caled. for CaHaeNy: N, 16.17. Found: 
N, 16.36 

The dihydrochloride was prepared in the usual 
way; m. p. above 300° dec 

1,5-Bis( 2-methylene-2-imidazoline )-naphthalene. 

Prepared in 97% yield from 1,5-bis(cyanomethy])- 
naphthalene (7); white needles, m. p. 247-248° 
dec. 

Anal 
N, 19.15 

4,4’ - Bis(8 - methylenetheophylline) - diphenyl 
Ether..-A mixture of 20 Gm. (0.07 mole) of 4,4’- 
bis(carboxymethy] )-diphenyl ether (8) and 23.8 Gm. 
(0.14 mole) of 1,3-dimethyl-5,6-diaminouracil was 
fused at 190° for two hours. The mass solidified 
partially on heating and was dissolved in 300 cc 
of 1% sodium hydroxide by gentle heat. The fil- 
tered solution was saturated with carbon dioxide 
and the precipitated product was recrystallized 
from dilute acetic acid. A white powder was 
obtained; m. p. above 300° 

Anal.—Caled. for N, 20.21 
N, 20.31 

1,3-Bis( 4-carboxymethylphenoxy )-propane. — 1,3- 
Bis( 4-cyanomethylphenoxy )-propane (1) was hydro- 
lyzed by refluxing in 20% potassium hydroxide in 
ethylene glycol. After dilution of the reaction 
mixture with water, the resulting dicarboxylic acid 
was precipitated by acidifying with hydrochloric 
acid. It was recrystallized from 95% ethanol using 
charcoal; result, white crystalline solid, m. p. 216— 
218°, yield, 70% 

Neutral equivalent 
Found: 178.9. 

1,5 - Bis(4 - carboxymethylphenoxy ) - pentane. 
Prepared from 1,5-bis(4-cyanomethylphenoxy )-pen- 
tane (1) in 76% yield as above described for the cor- 
responding propane derivative; m. p. 184-185°. 

Neutral equivalent.—-Caled. for 186.2. 
Found: 184.1 


Caled. for CigHooNy: N, 19.16. Found: 


Found: 


Caled for CyHwOs: 172.2 


1,3-Bis| 4 - (8 - methylenetheophylline )-phenoxy | - 
propane.-—Prepared in 10% yield by fusion of 1,3- 
bis(4-carboxymethylphenoxy )-propane 1,3-di- 
methyl-5,6-diaminouracil, by the procedure de- 
scribed for the preparation of the diphenyl ether 
analog. The product was very insoluble in all 
organic solvents and was purified by dissolving in 
sodium hydroxide, decolorizing with carbon, and 
reprecipitating with acetic acid; result, yellow 
amorphous solid, m. p. above 300° 

Anal.—Caled. for CxH»NsOs: N, 18.29. Found: 
N, 17.80. 

The corresponding dipotassium salt was prepared 
by dissolving a sample of 1,3-bis|4-(8-methylene- 
theophylline )-phenoxy|-propane in hot 1% eth- 
anolic potassium hydroxide. The product, which 
crystallized on chilling of the solution, was filtered 


and washed with ethanol and ether; m. p. above 
300°. 
Anal.—Caled. for N, 16.27. 


Found: N, 15.83. 

1,5-Bis/| 4-( 8 - methylenetheophylline ) - phenoxy }- 
pentane.—Prepared in 19% yield by fusion of 1,5- 
bis(4-carboxymethylphenoxy )-pentane with 1,3-di- 
methy!-5,6-diaminouracil as described above; m. p 
above 300°. 

Anal —Caled. for CysHagNyOe 2H,0: N 
Found: N, 16.34 

In the course of the above preparation it was pos- 
sible to separate the disodium salt of 1,5-bis{4-(8- 
methylenetheophylline )-phenoxy}-pentane which 
was practically insoluble in cold water, from the 
water-soluble salt of 4-|4-(8-methylenetheophyl- 
line) - phenoxypentamethyleneoxy} - phenylacetic 
acid. The latter was obtained by acidifying the 
aqueous solution of the salt with acetic acid and 
recrystallizing the precipitate from glacial acetic 
acid; m. p. ca. 245° dec. 

Anal.—Caled. for N, 11.06. Found: 
N, 11.09. 

8-Benzyltheophylline. Preparation Using Phos- 
piorus Oxychloride as Solvent.—A mixture of 6.8 
Gm. (0.05 mole) of phenylacetic acid, 8.5 Gm. (0.05 
mole) of 1,3-dimethyl-5,6-diaminouracil, and 100 
ce. of phosphorus oxychloride was refluxed for 
thirty minutes during which time the mixture be- 
came homogeneous. After the excess phosphorus 
oxychloride had been distilled off under reduced 
pressure, the residue was mixed with 20 cc. of 
water. The solid material was purified by dissolving 
in sodium hydroxide, precipitating with carbon 
dioxide, and finally recrystallizing from 70% acetic 
acid; result, fine white needles, m. p. 291°, reported 
m. p. 289-290° (4), yield, 5.1 Gm. (40%). 

8-Phenyltheophylline. Prepared from benzoic 
acid in 39% yield by the procedure described for 
8-benzyltheophylline: result, yellow crystalline 
solid, m. p. above 360°. Identified by methylation 
in the usual way to 8-phenylcaffeine, m. p. 185- 
186°, reported m. p. 187° (4) 
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PHARMACOLOGY ' 


A 2° % aqueous solution of the dihydrochloride of 
1,3- bis! 4- (2 - methylene - 2 - imidazoline ) - phenoxy } - 
propane (IX);  1,5-bis! 4-(2-methylene-2-imidazo- 
line )-phenoxy |-pentane (X); 4,4’-bis(2-methvlene- 
2-imidazoline )-bibenzyl (XI); or 1,5-bis(2-methyl- 
ene-2-imidazoline )-naphthalene (XII) was adminis- 
tered intravenously to healthy, nonfasted dogs 
anesthetized with ether. All four of the com 
pounds in doses of 10 mg./Kg. produced respiratory 
paralysis. At a 1.0 mg./Kg. dose, X, XI, and XII 
caused a fall in blood pressure up to 35% of the 
initial pressure, XII being the most active. At 
the same time the rate of respiration decreased and 
stopped completely after five to ten minutes. The 
compound IX was without effect on blood pressure 
or respiration at this dose level. No effects were 
produced by doses of 0.1 mg./Kg. 

The imidazolines were also studied for their effect 
on isolated intestinal strips by the method of Loew 
and others (9). Guinea pig ileum was suspended 
in aerated Tyrode's solution and submaximal doses 
of histamine diphosphate, barium chloride, and 
acetylcholine bromide were determined. The tissue 
was treated with a dose of one of the imidazolines 
or diphenhydramine and, after one minute, the 
dose of the spasmogenic agent was introduced. 
Compounds X and XI were found to be spasmogenic 
while IX and XII were spasmolytic. The latter 
was especially effective in preventing spasm in- 
duced by one of the aforementioned spasmogenic 
agents, but it was less effective than diphenhydra- 
mine and showed little specificity in its action. 

4,4'-Bis(8-methylenetheophylline )-dipheny] ether 
and 1,3-bis| 4-(8-methylenetheophylline )-phenoxy | - 
propane were tested for their effect on the blood 
pressure of a healthy, nonfasted dog under ether 
anesthesia. Two per cent aqueous solutions of a 
mixture of equimolecular amounts of each of these 
compounds and of sodium acetate, in doses of 0.5 
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ce./Kg., administered intravenously, produced a 
40% decrease in blood pressure in five minutes. 
In nine minutes the blood pressure returned to 10°) 
below normal and remained there. Respiration 
was apparently unaffected. A duodenal fistulation 
was performed on the same dog and 2.5 cc. of the 
2% solution per Kg. was administered by way of 
the gut causing only a slight decrease in blood 
pressure. Twice this dose produced a lasting 9% 
decrease. 


SUMMARY 


1. A series of bifunctional analogs of Prisco 
line has been prepared and preliminary phar 
macologic studies indicate that the compounds 
lower blood pressure but only in doses which are 
inhibitory to the respiration. Activity on iso- 
lated guinea pig intestine is also described. 

2. Several bifunctional analogs of 8-benzyl- 
theophylline were prepared and found to possess 
a vasodepressor activity resembling that of the 
monofunctional prototype. 

3. Anew procedure for preparing theophylline 
derivatives substituted in the &-position is de- 
scribed, 
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WHO MAKES IT? 


The Registry of Rare Chemicals, Armour Research Foundation of the Illinois Institute of Tech- 
nology, 35 West 33rd Street, Chicago 16, Il, seeks information on sources of supply of the following chemi- 


cals: 


8-Chlorolactic acid 
Pseudocholinesterase 
Piperylene 
2-Methyl-8-aminoquinoline 
Lactic aldehyde 
2,3-Dihydrofuran 

Laccase 

Hedonal 

Melibiase 
5-Amino-1-pentene 


Ethylenesulfonic acid 
Dicacodyl 

Titanium sulfide 
7-Methylxanthine 
7-Methylguanine 
3,6-Dinitrocarbazole 
1,2-Ethanedithiol 
Geranic acid 
1,3-Dimethyluric acid 
Agmantine 


Theophylline Derivatives. Il. 8-Aralkyltheophyllines 
and Related Compounds* 


By GEORGE P. HAGER, 


JOHN B. HARMON,{ and 


8-Benzyltheophylline, a substance structurally analo 
to be a potent hypotensive agent. 
8-substituted-theophylline derivatives has been prepared for pur 
structure-activity relationships and producin 


2-imidazoline ), was reported 


OHN C. KRANTZ, Jr., 
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to Priscoline (2-benzyi- 
A series of related 
ses of studying 
vasodepressors which may be still 


more active, more soluble, and more readily absorbed following oral adminis- 
tration. 


T* COMPOUND 8-benzyltheophylline was pre- 
pared because of the possibility that hybridi- 
zation of the structures of theophylline and Pris- 
coline might result in pharmacodynamic prop- 
erties characteristic of each of these and, there- 
fore, a combination of therapeutic properties 
desirable in the control of hypertension. This 
compound appeared to have the site and mecha- 
nism of action which are characteristic of theo- 
phylline, but it was sufficiently more effective in 
lowering the blood pressure to justify a further 
investigation of the class of compounds, 8-aral- 
kyltheophylline derivatives (I), of which 8- 
benzyltheophylline is one of the simplest mem- 
bers (1). 

The use of 8-benzyltheophylline as a drug for 
treatment of hypertension is seriously limited by 
its insolubility in water except at a very high pH 
at which the 8-benzyltheophylline anion results 
from dissociation at position 7 (formula I, where 
R, R’, and R” may be hydrogen, alkyl, aryl, sub- 
stituted alkyl, or substituted aryl). 


nc 
sry 
N CRR’'R’ 
CH, 


(1) 


Unsuccessful efforts to overcome difficulties 
of absorption which arose from low solubility 
included the use of a suspension of the sodium 
salt of 8-benzyltheophylline in oil, prepared by 
use of a colloid mill, a similar suspension of 8- 
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benzyltheophylline (free acid) in oil, and a sus- 
pension of the salt or free acid in mixtures of oil 
and polysorbate 80. 

Since the presence of more strongly polar 
groups may eventually prove necessary to correct 
the disadvantage which arises from the lack of 
solubility in water, certain 8-(substituted-aralky]) 
theophyllines were included in the present study. 
It was found that an electron-withdrawing sub- 
stituent is detrimental to activity as indi- 
cated by the inactivity of 8-(4-sulfobenzyl)- 
theophylline. Electron-releasing groups simi- 
larly located did not decrease the activity appre- 
ciably, as indicated by the activity of 8-(4- 
acetaminobenzyl)-theophylline, but appeared 
to enhance the activity, as indicated by the 
properties of 8-(4-aminobenzyl)-theophylline. An 
acetic acid residue introduced into position 7 of 
8-benzyltheophylline in a further attempt at 
solubilization resulted in loss of most of the 
activity. 

Considerably less active than 8-benzyltheo- 
phylline were several 8-aralkyltheophyllines 
which were homologous with 8-benzyltheophyl- 
line; viz., 8-phenyltheophylline and its vinylog, 
8-styryltheophylline ; 8-(2-phenylethy])-theo- 
phylline and its isostere, 8-(phenoxymethyl)- 
theophylline. Inasmuch as the 8-benzyltheo- 
phylline molecule (II) probably is geometrically 
intermediate between those of 8-phenyltheophyl- 
line (III) and 8-(2-phenylethyl)-theophylline 
(IV), it is assumed that vasomotor activity of 8- 
aralkyltheophyllines is not correlated in a 
fundamental way with molecular shape or size. 


oO _ 
i | =, 
CH, > (IV) 
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In selecting aralkyl groups which may appear as 
substituents in the 8-position of theophylline, it 
proved to be most profitable to make a choice 
which was based on the chemical properties of 
other compounds in which the aralkyl groups con- 
stituted the stem nuclei. The high rate of nucle- 
ophilic substitution of allyl-, benzyl-, and benz- 
hydryl chlorides seems to be paralleled to some 
extent by a high order of vasomotor activity of 
8-allyltheophylline, 8-benzyltheophylline, and 
8-benzhydryltheophylline. A similar high order 
of activity was found in 8-cinnamyltheophylline, 
a compound which is vinylogous with 8-benzyl- 
theophylline. A ring homolog of 8-benzyltheo- 
phylline, 8-(1-naphthylmethy]l)-theophylline, was 
also quite active. The high order of activity 
possessed by 8-(cyclohexylmethy])-theophylline 
(V) appears to be somewhat anomalous and may 
be another example of the phenomenon respon- 
sible for the similar vasomotor activities and 
similar therapeutic effects of amphetamine (VI) 
and propylhexedrine (Benzedrex) (V1). 


H,N 
\ 
H.C : 
(VI) 
Amphetamine 
CH,—NH 
cH-CH< > 
H,C 
(VIL) 
Propylhexedrine 


The variation of activity with change in struc- 
ture as above outlined indicates empirically that 
the 8-aralkyl group exerts its effect on vasomotor 
properties through its influence on the chemical 
reactivity of the molecule. Because of the low 
order of activity of 8-benzyleaffeine (VIII) and 
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8-benzyltheophylline-7-acetic acid, it appears 
possible that the 8-aralkyl group present in an 
8-aralkyltheophylline which is unsubstituted at 
position 7 may influence biological activity by 
its effect on the dissociation of the molecule at 
position 7 or by its effect on subsequent reactions 
of the anion formed by such a dissociation (Fig. 
1).! 


0 
Hc. | CH, 
| 
NN 
CH, 
(VIII) 
O 
Hc LH 
x 
| — 
of NON +H” 
CH, 
oO 
N 
oN 
oO” NCRR’R’ 
CH, 
Figure | 


In Table I, a number of the 8-aralkyltheophyl- 
lines which have been prepared and tested for 
vasomotor activity have been listed together with 
pertinent data.? 

The 8-aralkyltheophyllines were for the most 
part prepared by fusion of a mixture of 1,3-di- 
methyl-5,6-diaminouracil and the appropriate 
carboxylic acid to produce an amide which was 
then cyclized by dissolving in sodium hydroxide 
solution (2). When ring closure could not be 
effected by sodium hydroxide, phosphorous oxy- 
chloride, used as directed by Elion and others (3), 
produced the desired results. The amide inter- 
mediate in the preparation of 8-phenyltheophyl- 
line was obtained by a Schotten-Baumann acyla- 
tion of 1,3-dimethyl-5,6-diaminouracil using 
benzoyl chloride. When the reaction mixture 
was warmed, the precipitated amide dissolved 
and formed 8-phenyltheophylline. This com- 
pound was previously prepared by a cyclodehy- 
drogenation of the benzylidene derivative of 1,3- 
dimethyl-5,6-diaminouracil (4). 


8-Benzyltheobromine, m. p. 225-226° (Anal.—Caled. 
for CulluN«OrHrO;: N, 19.44. Found: N, 19.65), bears « 
methyl! substituent at position 7 and is also inactive 

2 The results of pharmacologic studies carried out by Dr 
John C. Krantz, Jr, and further studies which are still io 
progress, will be reported in detail in a later publication. 


|| 
. 
CH; 
(11) 
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Hc. 
N 
| 
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Oo 
nce IR’ 
o7 
CH, 

k R’ % M.P.,°C Formula Caled. Found 
Benzy! H 80 289-290° 
Benzy! CH, 93 158-159" 
Benzyl ~—CH,COOH 28 222. 5-223 Oe 16.18 15.59 
4-Sulfobenzy! H 14 Above 360 CyuHyuNO,S-H,0 15.21 15.32 
4-Acetaminobenzy! H 53 294-300 dec. 21.40 21.77 
4-Aminobenzy!-* H 40 297-298 dec. 24.55 24.03 
Cyclohexylmethyl- H 44 234 . 8-235 Or 20.28 19.98 
|-Naphthylmethy! H 41 303-306 dec. CisHigN Or 16.56 16.20 
Ally! H 2 273-273 . 5° 23.52 23.33 
Benzhydryl- H 43 282 5 283 CoHigN Oz 16.18 16. 19 
Phenyl-/ H 40 Above 360° 
Styryl- H 18 Above 360 CusHyN Or: 19.85 19.91 
2 Phenylethy! H 60 259-260 CisHigN 19.71 20.25 
Phenoxymethy! H 41 224-225 CyuHuN 19.57 19.56 
Cinnamy! H 65 242 .5-243.5 Or 18.91 18.58 
4-Chlorobenzy! H 17 2905-297 dec. CyHyCIN,O: 18.38 18.09 
4-Bromobenzy! H 40 292 


* Vields calculated on basis of 1,3. dimethy!.5,6-diamino 
uracil except where is —-CH»yCOOH or --CH, 
Reported m. p. 286-287" (1) 


* Neutral equivalent. Caled 3283. Found 321.8 
4 Reported m p. 161-163° (5) 
EXPERIMENTAL 


General Procedure for Preparation of 8-Aralkyl- 
theophyllines.-. Unless otherwise indicated in the 
following, the compounds described in Table I were 
prepared by the general procedure. 

A mixture, made by triturating 1,3-dimethyl-5,6- 
diaminouracil with 1-1.25 M equivalent of the ap- 
propriate carboxylic acid, was heated in an open 
wide-mouth flask or beaker at 120-200° in an oil 


bath. The mixture usually softened or fused and 
then resolidified after one to four hours at the 
elevated temperature. The solid intermediate 


amide formed in this way was broken up and some- 
times powdered, and then heated with 5-10% 
sodium hydroxide until solution was complete. The 
alkaline solution was treated with decolorizing car- 
bon and then saturated with carbon dioxide. The 
8-aralkyltheophylline which precipitated was re 
crystallized from water, alcohol, glacial or dilute 
acetic acid 

In the preparation of 8-(phenoxymethyl)-theo- 
phylline, the cyclization in sodium hydroxide solu- 
tion was accomplished as rapidly as possible because 
of the alkaline fission of the phenoxy group which 
was observed when heating was prolonged. 

8-Benzyltheophylline-7-acetic Acid..-A mixture 
of 10 Gm. (0.087 mole) of 8-benzyltheophylline and 
4 Gm. (0.042 mole) of monochloroacetic acid in 
100 cc. of water was neutralized with 45 cc. of 2 N 
sodium hydroxide and refluxed for three hours 
Unreacted 8-benzyltheophylline was precipitated by 
passing carbon dioxide into the solution. After 
filtration, 8-benzyltheophylline-7-acetic acid was 
precipitated by acidification with hydrochloric acid 
and purified by recrystallization from alcohol. 


CyuHyBrN,O: 16.04 15.85 


* Sublimes at 215° 

/ Identified by conversion to 8-phenylcaffeine, m. p. 184°. 
Reported m. p. 187° (5) 

* Sublimes at 250° 

& Prepared by Carl Kaiser 


8-Benzylcaffeine.—_Prepared by methylation of 
8-benzyltheophylline by treating it in alkaline 
medium with methyl sulfate in the usual way 

8 - (4- Sulfobenzyl) - theophylline. -An aqueous 
solution of 9.5 Gm. (0.056 mole) of the sodium salt 
of 4-sulfophenylacetic acid was acidified with 1.6 
ce. of concentrated sulfuric acid and refluxed for 
two hours. The solution was treated with 6 Gm. 
of sodium hydroxide and heated to boiling. After 
acidification of the solution and chilling, 8-(4- 
sulfobenzyl)-theophylline was obtained and purified 
by dissolving in sodium hydroxide solution and 
precipitating with hydrochloric acid. 

1,3-Dimethyl-6-amino-5-diphenylacetylamino- 

uracil._-A mixture of 17 Gm. (0.1 mole) of 1,3- 
dimethy1-5 6-diaminouracil and 22 Gm. (0.105 mole) 
of diphenylacetic acid was heated at 120-125° for 
two hours. The resulting amide was purified by 
decolorizing a solution of the crude product in 
glacial acetic acid with the use of decolorizing car- 
bon, and diluting with water. Yield: 28 Gm. 
(78°), m. p. 285-286°. 

Anal.—Caled. for C»H»N,O,: N, 15.38. 
14.94 

8-Benzhydryltheophylline.—A mixture of 27 Gm 
(0.074 mole) of 1,3-dimethyl-6-amino-5-diphenyl- 
acetylaminouracil and 250 cc. of phosphorous oxy- 
chloride was refluxed for four hours. The excess 
phosphorous oxychloride was distilled off under 
reduced pressure and the tarry residue was treated 
with ice, made strongly alkaline with 25% sodium 
hydroxide and warmed until dissolved. 8-Benz- 
hydryltheophylline was precipitated by carbon 
dioxide and purified by dissolving in alkali, decoloriz- 
ing with carbon, and reprecipitating with carbon 
dioxide. 


Found: 
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8-Phenyltheophylline..-To a cooled solution of 
5 Gm. (0.03 mole) of 1,3-dimethyl-5,6-diaminouracil 
in 100 cc. of 10% sodium hydroxide, 4.85 Gm. (0.035 
mole) of benzoyl chloride was added. After shak- 
ing the mixture thoroughly, it was warmed to dis- 
solve the precipitated white solid, and 8-phenyl- 
theophylline was precipitated by carbon dioxide. 
The product was recrystallized from glacial acetic 
acid, and identified by methylation to 8-phenyl- 
caffeine 

8-Styryltheophylline. A mixture of 17 Gm. (0.1 
mole) of 1,3-dimethyl-5,6-diaminouracil and 15 
Gm. (0.101 mole) of cinnamic acid was heated at 
120° for two hours. The crude amide obtained 
in this way was refluxed for five hours with 250 cc. 
of phosphorous oxychloride. The excess phos- 
phorous oxychloride was removed by distillation 
under reduced pressure and the residue was treated 
with ice and made alkaline with sodium hydroxide. 
Treatment of the solution with carbon dioxide 
precipitated 8-styryltheophylline. The product was 
a light yellow solid. 


PHARMACOLOGY 


In general, the 8-aralkyltheophyllines were ef- 
fective in producing a fall of blood pressure when 
injected intravenously. This depressor response 
did not prevail upon oral administration owing to 
the lack of absorption of these compounds from the 
gastrointestinal tract. Intravenously, depressor 
responses were obtained varying from 10 to 30% 
by doses of 6-13 mg./Kg. Atropine, Etamon, 
Priscoline, and decerebration did not modify the 
depressor response to these compounds. By poison- 
ing the capillary bed with sodium arsenate the de- 
pressor response was likewise not obliterated. It 
is therefore concluded that the action of these drugs 
is directly on the arterial musculature. The pat- 
tern of the electrocardiogram was not significantly 
altered by the injections of these theophylline 
derivatives. These compounds, which were tested 
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for toxicity, had LD y's in the rat upon intraperi- 
toneal injection of 200 to 400 mg./Kg. This places 
them in the same category of toxicity as amino- 
phylline. 


SUMMARY 


1. A series of 8-aralkyltheophyllines related 
to 8-benzyltheophylline has been prepared in a 
search for a theophylline derivative as effective 
as 8-benzyltheophytline in lowering blood pres 
sure but more manageable from the standpoint of 
administration and absorption. 

2. Polar solubilizing groups of the electron. 
releasing type located in the aralkyl group appear 
not to be detrimental to activity. An electron- 
withdrawing group (the sulfo group) similarly 
located, appears to decrease activity greatly. 

3. In the 8-aralkyltheophyllines it appears 
that the adjacent position 7 should be free to per- 
mit dissociation and formation of an anion. 
Solubilizing groups as in 8-benzyltheophylline-7- 
acetic acid, and nonpolar groups, as in 8-benzyl- 
caffeine or 8-benzyltheobromine, are detrimental 
to activity. 

4. Groups which are electronically constituted 
in a way similar to the benzyl group enhance 
vasodepressor activity when substituted in the 8- 
position of theophylline. 
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1954 Symposium on Antibiotics 


Preliminary Announcement 


A Symposium ON ANTIBIOTICS will be held on October 20, 21, and 22, 
1954, in Washington, D. C., under the auspices of the Department of 
Health, Education, and Welfare in cooperation with the journal Antibiotics 


and Chemotherapy. 


The symposium will follow the general plan of the 


successful 1953 conference, the transactions of which have just been made 
available in a 600-page clothbound book. 
Those interested in presenting papers are invited to submit proposed 


titles and abstracts for the program. 


A further announcement giving a definite date for submission of ab- 


stracts will be issued. 


enna 


Theophylline Derivatives. III. 
8-(9-Fluorenyl)-Theophylline and Related 
Compounds” 


By GEORGE P. HAGER, CASIMIR T. ICHNIOWSKI, 
and BERNARD MISEK 


A further investigation of 8-aralkyltheophyllines was undertaken following the 
j observation that maximum depressor activity was found in those compounds in 
| which the 8-aralkyl group was a benzyl group, the related beazhydryl group, or the 
i vinylogous cinnamyl group. A comparison of the vasodepressor effects of 8- 
benzyl-, 8-benzhydryl-, 8-(2-thenyl)-, 8-(3-thenyl)- and )-theophyl- 
; lines indicated a pharmacodynamic a as regards the first four. The 
i 8-(9-fluorenyi)}-theophylline produced qualitatively different responses in blood 
pressure experiments. The 9-fluorenyl- and 9-fluorenylidenemethyl- analogs of 
2-benzyl-2-imidazoline (Priscoline) were also prepared for comparison of pharma- 
codynamic properties. 


Geers of the 8-position of the theophyl- 
line molecule (1) with a benzyl group (1) or 
with an aralkyl group constituted electronically 


trine, a relationship which has been termed “‘bio- 
isosteric”’ (3). 


like the benzyl group including the benzhydryl O 
and the vinylogous cinnamyl groups (2), resulted HC H 
in an increase in the vasodepressor properties Nx ‘Ne 
characteristic of theophylline. 
N N 
oO c 
H,C LH CH, 
| 
| | Y 
of WSN (1) 
Hy 
(1) oO 
The insolubility of the S-aralkyltheophyllines H 
in water and the resulting irregular absorption 1 
following oral administration made apparent that of NON YK SY 


a strongly polar solubilizing group must be pres- 
ent. Preliminary experiments indicated that 
electron-releasing groups in the 8-aralkyl-sub- 
stituent are not detrimental to activity (2). 
In connection with a study of a series of theophyl- 
line derivatives that had such solubilizing polar 
substituents, several compounds were prepared 
and tested to provide a basis for the selection of an 
aralkyl group for use in a series of 8-(substituted- 
aralkyl)-theophyllines. For this purpose, the 
isosteric 8(2-thenyl)-theophylline and 8-(3-then- 
vl)-theophylline were prepared for comparison 
with 8-benzyltheophylline; and 8-(9-fluorenyl)- 
theophylline (II) was prepared for comparison 
with 8-benzvhydryltheophylline (111). The struc- 
tures of the latter two compounds are related in 
the same way as those of Trasentine and Pava- 

* Received August 21, 1953, from the Department of 
Pharmaceutical Chemistry and Department of Pharma. 
cology, School of Pharmacy, University of Maryland, 
Baltimore, Md 

Presented to the Scientific Section, A. Pu. A., Salt Lake 
City meeting, August, 1953 

Abstracted in part from a thesis presented to The Graduate 
School, University of Maryland, by Bernard Misek in partial 


fulfillment of the requirements for the degree of Master of 
Science. 


(IIL) 


The antispasmodic fluorene - 9 - carboxylate 
(Pavatrine) has a greater activity but the same 
toxicity as the diphenylacetate (Trasentine) (4). 
Furthermore, the fluorenyl group appears to ex- 
hibit, to a greater extent, the tautomeric elec- 
tronic polarization of the molecular system which 
is characteristic of the benzyl and benzhydryl 
groups —a polarization which appears to be cor- 
related with the vasodepressor activity of 8- 
aralkyltheophyllines (2) just as it may be cor- 
related with certain chemical properties of tolu- 
ene, diphenylmethane, and fiuorene (acid dis- 
sociation) (5, 6) or with those of their derivatives 
or substitution products. For these reasons it 
was hoped that S8-(9-fluoreny!)-theophylline would 
prove to be more active than the 8-aralkyltheo- 
phyllines previously tested. 
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The 8-(2-thenyl)-theophylline and 8-(3-then 
yl)-theophylline were prepared from 2-thienyl- 
acetic acid and 3-thienylacetic acid, respectively, 
by the procedure generally employed for 8- 
aralkyltheophyllines, viz., fusion of the carboxylic 
acid with a little less than a mole equivalent of 
1,3-dimethy1-5,6-diaminouracil and cyclization 
of the intermediate amide by use of sodium hy- 
droxide (1). The 8-(9-fluorenyl)-theophylline 
could not be prepared by this procedure because 
of decarboxylation of fluorene-9-carboxylic acid 
at the high temperature necessary for fusion. The 
compound was prepared by a cyclodehydrogena- 
tion of the Schiff base formed by reaction of 9- 
formylfluorene with  1,3-dimethyl-5,6-diamino- 
uracil by application of a procedure described by 
Traube (7). 


He. /\ 
‘N | 
o7 N’\nu, 
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O | N Me, 
a N\A FeCh 


In blood pressure-respiration experiments on 
anesthetized dogs, 8-benzyl-, 8-benzhydryl-, 8- 
(2-thenyl)- and 8-(3-thenyl)-theophyllines were 
found to have qualitatively and quantitatively 
similar vasodepressor effects, with the two theayl 
derivatives being somewhat less active than the 
other two. A fall in blood pressure without a 
concomitant effect on respiration was produced 
by moderate doses of all four compounds. The 
effects of 8-(9-fluorenyl)-theophylline differed 
qualitatively from those of the other 8-aralkyl- 
theophyllines and consisted of a pronounced 
transient fall in blood pressure with a simultane- 
ous transient cessation of respiration, followed by 
a longer compensatory rise in blood pressure and 
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respiratory recovery. Subsequent to the acute 
depressor-pressor phase, there ensued a gradual 
decrease in blood pressure which seemed to stabi- 
lize at a level lower than that prior to the admin- 
istration of the substance. On the basis of these 
results, further improvements in the pharmaco- 
dynamic properties of compounds with the activ- 
ity characteristic of 8-benzyltheophylline may 
possibly be achieved by modification through 
substitution of 8-benzyl- or 8-benzhydryltheo- 
phyllines. 

Inasmuch as 8-benzyltheophylline may be re- 
garded as a hybrid of theophylline and Priscoline 
in which the 2-imidazoline group of the latter has 
been replaced by theophylline, 2-(9-fluoreny!)-2- 
imidazoline (IV) and 2 - (9 - fluorenylidene- 
methyl)-2-imidazoline (V) were also prepared 
either by reaction of the corresponding nitrile 
with ethylenediamine p-toluenesulfonate (8) or 
by the reaction of the ethyl ester of the corre- 
sponding carboxylic acid with ethylenediamine 
(9). Preliminary pharmacologic testing of the 
substances produced variable results. However, 
in general they appear to exert a vasodepressor 
effect accompanied by a transitory inhibition of 
respiration. 


H 
\ - \ 
/ 
\4 
(IV) (V) 
EXPERIMENTAL 


The preparation of 8-benzyltheophylline and 8- 
benzhydryltheophylline is reported elsewhere (1, 2). 

8-(2-Thenyl)-theophylline.—A mixture of 5 Gm. 
(0.035 mole) of 2-thienylacetic acid' and 4.8 Gm. 
(0.028 mole) of 1,3-dimethyl-5,6-diaminouracil was 
heated in an open flask at 120° for about fifteen 
minutes during which time the melt solidified. The 
solid intermediate amide was dissolved by heating 
in 10% sodium hydroxide. The solution was 
decolorized with carbon and saturated with carbon 
dioxide. The precipitated theophylline derivative 
was recrystallized from ethanol or a mixture of 
equal parts of ethanol and glacial acetic acid and 
finally washed with ether; result, long white needles, 
m. p. 268-270° dec., 66% yield. 


A nal. - Caled. for CrHyN Os: N, 20.28. 
Found: N, 20.10. 
Prepared in 60% 


yield from 3-thienylacetic acid? as described for the 
2-thenyl isomer; result, long white needles, m_ p. 
277-278° dec. 


! Prepared by the hydrolysis (10) of 2-thienylacetonitrile 
supplied through the courtesy of Dr. KE. Campaigne 


2 Prepared by the hydrolysis (11) of 3-thienylacetonitrile 
supplied through the courtesy of Dr. E. Campaigne. 
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Anal.—Caled. for 
Found: N, 20.28 

8-(9-Fluorenyl )-theophylline. -A solution of 25 
Gm. (0.129 mole) of 9-formylfluorene (12) and 22 
Gm. (0.129 mole) of 1,3-dimethy!l-5,6-diaminouracil 
in sufficient absolute ethanol was refluxed until a 
solid mass precipitated. A solution of 42.5 Gm. 
(0.258 mole) of anhydrous ferric chloride in absolute 
ethanol was then added slowly with stirring, and the 
mixture was refluxed until all solid material dis- 
solved. Most of the ethanol was distilled off and 
the residual syrupy liquid was mixed with water. 
The precipitated 8-(9-fluorenyl)-theophylline was 
dissolved in 2° sodium hydroxide, precipitated by 
saturation of the alkaline solution with carbon 
dioxide, and recrystallized from toluene; result, 
white crystals, m. p. 273-274° dec., 20% yield 

Anal.—Caled. for 15.43. 
Found: N, 15.40 

The compound turned pink on standing exposed 
to the atmosphere and the pink color was again 
lost on recrystallization from toluene. The pink 
material had the same melting point (273-274° 
dec.) and analytical values indicated that the color 
resulted concurrently with the formation of a higher 
hydrate 

Anal.—Caled. for N, 13.47. 
Found: N, 13.34. 

2-(9-Fluorenyl )-2-imidazoline.— A mixture of 3.82 
Gm. (0.02 mole) of 9-cyanofluorene (13) and 4.64 
Gm. (0.02 mole) of ethylenediamine p-toluene- 
sulfonate was heated under reflux at 190-200° for 
about one hour or until ammonia was no longer 
evolved. The reaction mixture was dissolved in 
hot dilute hydrochloric acid and the solution was 
made alkaline with 10° sodium hydroxide, precip- 
itating 4.25 Gm. (90° ) of the crude 2-(9-fluoreny])- 
2-imidazoline. The product was recrystallized from 
benzene; result, white crystals, m. p. 178.5-180°. 
The hydrochloride was prepared in the usual way 
and recrystallized from a mixture of absolute 
ethanol and ether, m. p. 234-235° dec 

Anal.—Caled. for CisHyNeCl: N, 10.35. 
N, 10.11. 

2-(9 - Fluorenylidenemethy]) - 2 - imidazoline.—-A 
mixture of 18 Gm. (0.072 mole) of ethyl dibenzo- 
fulvenecarboxylate (14) and 34 Gm. of ethylene- 
diamine was heated in a pressure bottle for thirty- 
six hours on a steam bath. The excess ethylene- 
diamine was removed by distillation under reduced 
pressure and the residue was recrystallized from 
absolute ethanol; result, white crystals, m. p. 
224-225° dec., 8.8 Gm. (50°). 

Anal.—Caled. for CywHyNr2H,0: N, 9.92. 
Found: N, 9.81 

The hydrochloride was prepared in the usual way, 
m. p. 207-210° dec. 


PHARMACOLOGY 


Solutions of 2.5 to 10 mg. per cc. of the theophyl- 
line derivatives were prepared by dissolving them 
in 0.1 N sodium hydroxide and neutralizing partially 
to pH 10-11 with 0.1 N hydrochloric acid. To 
increase the stability of the solutions, ethanol was 
added to a concentration of 10°. Such solutions 
were prepared fresh and were stable for several 
hours with the exception of the solution of 8-(9- 
fluorenyl)-theophylline which precipitated within 
one hour. 


N, 20.28 


Found: 
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The solutions were injected intravenously 
(femoral vein) into dogs anesthetized by intra- 
peritoneal administration of Dial with Urethane 
(Ciba). Carotid blood pressure was recorded with 
a mercury manometer while respiration was recorded 
with a Marey tambour attached to a tracheal 
cannula. Comparison of the five theophylline 
derivatives was made at a dose level of 2.5 mg. per 
Kg. With the exception of the 8-(9-fluoreny])- 
theophylline, the several 8-aralkyltheophyllines 
tested lowered the blood pressure 20-30% of that 
of the preinjection level. Recovery to approxi- 
mately control blood pressure levels occurred usually 
within three minutes. Respiration appeared to be 
unaffected. 

The 8-(9-fluorenyl)-theophylline produced an 
acute depressor response-—40-90-mm. drops from 
levels of 115 and 126 mm. with a simultaneous 
cessation of respiration being observed. Both of 
these effects were transient, lasting fifteen to thirty 
seconds. In the next three to four minutes, the 
blood pressure rose to a point 30-60 mm. above the 
preinjection level. Thereafter followed a gradual 
decrease in blood pressure which seemed to stabilize 
at a point 30-40 mm. lower than the preinjection 
level 

Injection of the solvent vehicle at the beginning, 
during, and at the end of a series of comparisons 
produced either no effect or a rise of 10-15 mm. 


SUMMARY 


1. Several 8-aralkyltheophyllines closely re- 
lated to 8-benzyl- or 8-benzhydryltheophylline 
were prepared together with two 2-aralkyl-2- 
imidazolines related to 2-benzyl-2-imidazoline 
(Priscoline). 

2. A careful comparison of the pharmacody- 
namic effects of the theophylline derivatives on 
blood pressure and respiration indicated that 
8-benzyl-, 8-benzhydryl-, 8-(2-thenyl)- and &- 
(3-thenyl)-theophyllines possess similar phar- 
macologic properties, the two former compounds 
being slightly more active vasodepressors. 

3. The activity of 8-(9-fluorenyl)-theophylline 
was more pronounced and qualitatively different 
from that of the other members of the series. 
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Cyanocobalamin (Vitamin B,,)* 


A Study of the Stability of Cyanocobalamin and Ascorbic Acid in 
Liquid Formulations 


I. 


By ANDREW BARTILUCCI} and NOEL E. FOSS! 


The effect of pH on the stability of solutions of 


alone, and in combinations, is reported. 


anocobalamin and ascorbic acid, 


The of a contaminant apne 


agent at one concentration on aqueous solutions of these vitamins is also report 
stability of these vitamins, alone, and in combination, in various mixtures of 
ropylene glycol, Sorbo, syrup, glycerin, glucose, and distilled water has been 


ytical 


T= IS A DEARTH of literature concerning 

the stability of vitamin By, (1-5). The in- 
terest in the combination of this vitamin with a- 
scorbic acid (6-8) justified a basic study of the in- 
compatibility of cyanocobalamin with ascorbic 
acid (1). Preliminary investigations are reported 
indicating the effect of pH, the effect of a trace- 
contaminant complexing agent, and the effect of 
various vehicles on the stability of cyanocobala- 
amin and ascorbic acid, separately and in com- 
bination. 


EXPERIMENTAL 


The analytical procedures used for the determina- 
tion of cyanocobalamin included both the chemical 
method (9-11) and the U. S. P. method (12) 
Ascorbic acid was determined by titration in a 1° 
oxalic-acid solution with 0.1 N iodine using starch 
T. S. as the indicator. Generally, determinations 
were discontinued after about 50% decomposition 
had taken place. 

The cyanocobalamin used in this laboratory was 
in the form of a 0.1% trituration with mannitol 
as the diluent. The ascorbic acid used in the study 
was of U. S. P. quality in a fine crystalline form. 
The water used as a solvent was distilled water 
redistilled from an all-glass still, unless otherwise 
noted. The other solvents, reagents, and salts 
were of official quality, unless otherwise identified. 
Containers, pipets, and all glassware used were 
thoroughly washed, rinsed several times with glass- 
distilled water, and air-dried before use. 

The samples contained 10 + 2 yg./cc. of cyano- 
cobalamin and/or 50 + 5 mg./cc. of ascorbic acid. 
Five-hundredths per cent of propylparaben was 
included in all formulations as the preservative. 
The filtered (glass wool) solutions were subdivided 
into one-ounce flint glass, screw-capped bottles and 


* Rece'ved August 18, 1952, from the 
Pharmacy, University of Maryland School 
Baltimore, Md 

Presented to the Scientific Section, A. Pu. A., Philadelphia 
meeting, August, 1952. i 

t Fellow of the American Foundation for Pharmaceutical 
Education, 1950-52. Present address: St. John’s University 
College of Pharmacy, Brooklyn, N. Y. 

t The authors would like to express their ap jation 
to Dr. R. T. Major, Scientific Director and Vice- ident, 
Merck & Co., Inc, for the generous supply of cyanocobala 
min. We are also indebted to Drs. G. FE. Boxer and W. C 
Gakenheimer for helpful suggestions on the chemical method 
of analysis employed. 


De ment of 


Pharmacy, 


s employed for following the stability of cyano- 
cobalamin include the U. S. P. 


and the chemical method. 


stored in cardboard boxes at refrigerated (5°), 
elevated (40°), and room (25-30°) temperatures. 

The Effect of pH. A series of solutions was pre- 
pared using 1 M sodium phosphate and 0.5 M citric 
acid buffer stock solutions (13). Solutions of 
ascorbic acid and cyanocobalamin were prepared 
at several pH levels between 2.2 and 7.0. Maximum 
stability for ascorbic acid was achieved at pH 6.3, 
which is in agreement with previous reports (14-16) 
Under the test conditions employed, which included 
protection from strong light, only the cyanoco- 
balamin sample at pH 2.2 showed a loss (5%) 
after eight months at 40°. Maximum stability of 
a sample containing both ascorbic acid and cyano- 
cobalamin was exhibited at pH 6.3. This finding 
is contrary to those reported for vitamin By, and 
ascorbic acid (2). 

The Effect of a Complexing Agent.- Tetrasodium 
ethylenediaminetetraacetate' (NaEDTA) was used 


Taste I.—Composrrion oF Ventcies Usep as 
SOLVENTS FOR CYANOCOBALAMIN AND ASCORBIC 
AcIp 


—- Percentage by Volume 


vlass 
Pro Dis 
pylene 


tilled 
Glycol Water 


Syrup 
U. S. 
P.* 


Glye 
Vehicle erin Sorbo? 
A 

25 


75 


75 
; Syrup U S. P. was ‘prepared by the cold method. 


Sorbo is a 70° aqueous solution of d-sorbitol com- 
mercially available from the Atlas Powder Company. 


' Tetrasodium ethylenediaminetetraacetate was graciously 
supplied by the Bersworth Chemical Co. under the trade 
name, Versene. 
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cy 
n 
= 
Glu 
cose 
75 25 
25 75 
75 25 
100 
, 75 25 
25 75 vee 
- - 50 5D 
75 25 
Zz 
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Tasie TEMPERATURE ON STABILITY OF SoLutions Containinc 50 + 5 MILLIGRAMS oF 
Ascorsic Actp per Curie CENTIMETER 
one Percentage of Ascorbic Acid Retained, —. 
Vehicle *C* 10 30 60 00 120 150 180 210 240 
A 5 , 100 100 100 100 100 100 
RT 100 100 100 89.0 é 72.0 59.0 
40 100 97.7 93.9 90.6 61.8 36.2 
B 5 100 100 100 rr 100 100 100 
RT 100 100 100 . 99.2 91.3 88.3 
40 100 06.5 2.5 92.0 90.6 ¥4 ; 73.8 
ra 100 100 100 100 100 100 
RT 98.0 98.0 96.0 92.0 93.2 93.3 
40 100 99.8 100 88.8 86.7 be ia 82.0 
D 5 100 100 100 100 na 100 
RT 95.8 97.9 98.0 bed 91.3 90.8 89.0 
40 98.0 94.0 91.3 91.3 90.8 88.8 84.3 84.0 82.3 
E 5 ; 100 100 100 100 ; 100 
RT 100 95.3 97.3 94.5 93.1 90.0 
40 100 93.8 91.8 86.3 72.5 2 ners ae 19.7 
RT 92.3 92.3 90.9 91.8 89.1 87.0 
40 100 100 91.5 90.3 86.3 80.8 
G 5 Gelled 
RT 92.7 91.8 90.9 82.1 79.8 71.3 
40 97.3 2.5 90.5 88.0 76.8 72.5 71.0 62.5 
H 5 ; 100 100 100 Ppt.’ 
RT 100 99.2 , 95.7 96.0 94.0 90.2 
40 100 90.8 ed 88.8 86.5 83.0 83.8 79.5 
I 5 100 100 
RT 100 100 100 100 92.7 91.8 91.5 ate" 
40 100 87.0 = 76.8 71.8 64.8 55.8 52.3 39.8 
J 5 98.0 98.0 98.0 98.0 98.0 98.0 98.0 uae 
RT 95.5 92.5 85.5 85.5 
40 97.5 87.3 81.3 78.8 76.0 68.0 64.0 61.0 57.3 
K 5 100 100 100 
RT 90.5 87.5 90.3 88.0 87.5 86.3 85.7 
40 97.5 94.3 92.: 89.3 86.5 80.8 78.8 74.3 
L 5 100 100 100 100 100 
RT 95.5 95.4 94.2 93.0 91.0 
40 100 93.5 aA 82.9 76.6 67.0 62.1 54.4 50.4 
M 5 100 100 100 100 
RT 100 100 89.2 89.2 76.9 
40 97.3 92.0 85.0 81.2 75.3 59.2 44.5 
R 100 100 04.5 90.2 85.9 80.2 73.9 
40 100 93.0 86.7 79.0 74.0 73.0 59.5 ‘ 
Oo 100 100 100 100 100 
RT 98.2 98.4 a7 95.3 92. 91.4 
40 97.8 97.8 92.7 91.1 st 81.9 
P 5 100 100 100 
RT 94.3 94.3 83.0 82.0 80.0 73.2 71.1 
40 100 87.0 73.8 61.3 49.0 37.8 wed 
Q 5 : 100 100 100 100 98.0 98.0 96.2 
RT 94.6 1 72.3 64.3 
40 890 87.5 81.5 78.2 73.3 68.7 58.2 52.5 
R 5 100 100 100 
RT 100 98.9 980 97.4 97.0 95.1 wus 
40 90.38 89.3 87.5 85.7 86.7 83.6 84.5 
5 97.8 98.5 97.1 95.4 92.4 
RT 06.5 92.0 82.1 75.8 60.3 54.1 
06.3 82.8 67.0 52.6 32.5 ‘ 
7 ) 100 100 100 100 100 " 100 
I 95.1 90.1 84.0 80.3 70.0 51.2 
40 96.0 91.0 885 74.0 68.3 47.5 


*RT = Room temperature (25-30°) 


at a concentration of 0.05% (17%). The complexing 
agent was effective in stabilizing a solution of 
ascorbic acid prepared with water distilled from a 
metal still (18) 

Two aqueous solutions of cyanocobalamin were 
prepared containing NaEDTA One solution was 
made acid (pH ca. 5) with 1 N sulfuric acid. The 
unneutralized solution had a PH of 10.3. There 


Ppt.—Precipitation occurred. 


was about 50% decomposition of the cyanocobala- 
min in the unneutralized solution after one week at 
40° and one month at room temperature. The pH 
of the decomposed solution remained at 10.3. The 
solution made acid exhibited no change in the vita- 
min content after storage for two months. The 
vitamin content was determined spectrophotometri- 
cally using a suitable blank. 


March, 1954 


Two aqueous solutions of a mixture of cyano- 
cobalamin and ascorbic acid were prepared. To 
one solution was added NaEDTA. Both solutions 
had a pH of about 2.5. After sixty days at 40°, 
the sample containing NaEDTA had retained 
55.3% of vitamin By and 72.3% of ascorbic acid 
compared to 35.9% and 66.1%, respectively, in 
the other sample. The period of study was too 
short to make possible conclusions regarding the 
slight stabilization noted. Investigations are being 
continued. The cyanocobalamin content was de- 
termined by the chemical method. 

The Effect of Various Vehicles.Solutions of 
cyanocobalamin and ascorbic acid were prepared 
employing solvents most commonly used in vitamin 
preparations (Table I). Several of these vehicles 
were used to prepare solutions containing both 
cyanocobalamin and ascorbic acid. The cyano- 
cobalamin determinations were made by the chemi- 
cal method. A high concentration of propylene 
glycol with water, glycerin, or Sorbo, and a mixture 
of glycerin and Sorbo were found to afford maximum 
stability conditions for ascorbic acid (Table IT). 
Cyanocobalamin was found to be stable in a wide 
variety of solvents. It has questionable stability 
in high concentrations of propylene glycol and in 
solvents containing glucose (Table III). A study 
of Table IV indicated that vehicle C, composed of 
equal parts, by volume, of propylene glycol and 
glycerin, afforded maximum stability conditions for 
a mixture of cyanocobalamin and ascorbic acid. 


DISCUSSION 


The 0.1% trituration in mannitol provided crystal- 
line cyanocobalamin in a form which was con- 
venient to weigh and handle. A stabilizing effect 
on a solution of ascorbic acid by mannitol was 
noted. The unsatisfactory use of liquefied phenol 
U. S. P. as a preservative for cyanocobalamin has 
been confirmed (4). 

The percentage of propylparaben in the finished 
solutions was not known, the excess having been 
filtered out, but the amount present was apparently 
effective in inhibiting mold growth in all samples 
under study. 


III.—Errecr or TEMPERATURE ON Sra- 
BILITY OF SoLuTIONS CONTAINING 10 + 2 MicRo- 
GRAMS OF CYANOCOBALAMIN PER CuBIC CENTIMETER 


Percentage of 
Cyanocobalamin Retained, 


Days 
Vehicle °c." 30 60 
A 5 100 100 
RT 96.8 90.4 
40 88.6 65.4 
D 5 100 100 
RT 100 88.2 
40 100 85.2 
H 5 ppt.’ 
RT 87.1 
40 Pe 82.0 
J 5 83.6 
RT 77.2 
40 76.2 
N 5 96.4 
RT 90.3 
40 88.9 


*RT = Room temperature (25-30°). 
Ppt. —Precipitation occurred 


Screntiric Epirron 
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Although the chemical method of analysis of 
cyanocobalamin may have indicated no decomposi- 
tion, all vehicles containing mixtures of cyano- 
cobalamin and ascorbic acid exhibited various color 
changes on storage. It is believed that the color 
changes were a result of ascorbic acid decomposi- 
tion. The observation leading to this belief was 
based on the ability to reproduce the color changes 
exhibited by solutions of cyanocobalamin and ascor- 
bic acid, undergoing decomposition on storage, by 
adding ascorbic acid solutions in various stages of 


decomposition to an undecomposed solution of 
cyanocobalamin. It is known that ascorbic acid 


solutions, initially colorless, decompose with the 
production of yellow to brown solutions, depending 
on the extent of decomposition. 

Freshly prepared solutions of cyanocobalamin 
and ascorbic acid are pink due to the cyanocobala- 
min content; the color gradually changes, how- 
ever, to orange and finally to brown. The rapidity 
of the color change is directly related to the rate of 
color development in a solution of ascorbic acid with 
the same vehicle. A color wheel shows that the 
colors red (or pink from the cyanocobalamin) and 
yellow (decomposed ascorbic acid solution) combine 
to form an orange color (color of solution of cyano- 
cobalamin and ascorbic acid after storage). Since 
only after the color starts turning a deeper orange 
toward orange-brown is there any indication of a 
cyanocobalamin loss by the chemical method, it 
is suspected that the decomposition products of 
ascorbic acid play an important part in the decom- 
position of cyanocobalamin. Table V summarizes 
the color changes that occur in solutions of ascorbic 
acid and in solutions of mixtures of cyanocobalamin 
and ascorbic acid on storage. The colors appear- 
ing in the bottom row of the table may be produced 
by combining solutions with the colors indicated in 
the first two rows. 


SUMMARY 


The optimum pH for stability of ascorbic acid 
in solution was found to be above 6.0 but below 
7.0. The optimum pH for cyanocobalamin is 
between 4.5 and 5.0. The most favorable pH 
for a mixture of cyanocobalamin and ascorbic 
acid appears to be between 6.0 and 7.0. 

Tetrasodium ethylenediaminetetraacetate has 
a stabilizing effect on ascorbic acid in distilled 
water. Unless acidified, it has a deleterious effect 
on cyanocobalamin. A slight stabilization was 
noted at elevated temperature on the active in- 
gredients when the complexing agent was in- 
cluded in a mixture of cyanocobalamin and 
ascorbic acid. 

Ascorbic acid was found to be most stable in 
high concentrations of propylene glycol with 
distilled water, glycerin or Sorbo, and a mixture 
of glycerin and Sorbo. Cyanocobalamin was 
found to be stable in a wide variety of vehicles. 
It has questionable stability in high concentra- 
tions of propylene glycol and in vehicles contain- 
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Taste [V.—Errecr ov Temperature on oF Sotutions CONTAINING 10 + 2 MICROGRAMS OF 
CYANOCOBALAMIN AND 50 + 5 or Ascorsic Acip per Cusic CENTIMETER 


{ cle *°C* Bis* AA‘ By AA Bu AA Bu AA Bu AA Bu AA 
| A 5 100 100 100 100 100 100 100 99.3 100 96.2 100 93.5 
RT 06.5 @.8 9.3 87.6... $3.6 77.3 81.0 72.5 
40 100 993 99 8.0 898 768 79.5 63.7 55.9 . $8.0 
B 5 100 100 100 100 100 100 100 100 100 99.2 100 96.8 
RT 100 100 100 100 100 97.0 100 89.1 100 84.4 94.0 89.2 
«100 03.5 91.0 91.0... 90.4 77.6 90.7 76.7 75.3 @.2 
( Cc 5 100 100 100 100 100 100 100 98.2 100 98.2 100 98.1 
' RT 100 100 100 100 100 95.2 100 92.4 100 93.7 100 92.4 
40 100 100 100 100 100 87.0 100 91.3 100 89.7 81.0 8&.6& 
D 5 100 98.1 100 100 100 99.5 100 90.3 100 90.6 
RT 100 98.5 100 96.8 100 95.4 100 89.5 ‘ds thd 93.6 84.5 
40 100 92.4 100 58.4 100 88.9 87.7 85.4 - 77.6 81.7 
E 5 100 100 100 100 100 98.9 94.1 95.3 95.1 
. RT 100 96.1 100 85.8 83.8 94.8 82.6 89.6 82.6 84.8 
40 100 99.0 88.5 95.5 85.8 8.3 7.9 7.8 73.3 
F 5 Gelled - 
RT 100 98.5 100 89.0 100 87.0 93.1 83.6 81.3 77.6 
40 100 88.5 100 74.0 90.2 64.8 85.3 62.5 65.2 54.2 
RT 100 100 100 91.2 100 88.6 96.5 76.9 82.7 71.9 
40 996 99.7 94.3 81.4 89.6 75.9 78.2 64.3 74.8 54.8 ake 
I 5 100 100 96.8 100 92.7 100 92.6 92.5 92.7 88.9 89.7 
RT 986.7 01.0 73.3 88.5 6&7.9 87.0 48.3 980.5 36.! 69.7 
40 58.2 82.2 38.7 77.4 75.7 59.4 
J 5 55.2 90.7 Ppt.‘ 
RT 20.5 85.5 84.2 
40 0.0 70.5 
M 5 ses 100 4.9 100 
RT 71.2 98.5 54.7 96.8 
40 26.6 77.0 73.5 


*RT Room temperature (25 30°) Ascorbic acid 
© Cyanocebalamin 4 Precipitation occurred 


Tasie V.-—-SumMary or Coton CHANGES IN SAMPLES OF AscorBic ACID AND CYANOCOBALAMIN-ASCORBIC 
Acip SOLUTIONS IN PROGRESSIVE STAGES OF Decosrosrrion 


Initial ! 2 3 4 5 


Cyanocobalamin Pink Pink Pink Pink Pink Pink 
Ascorbic acid Colorless Slight Yellow Orange Brownish Brown 
yellow orange 
Cyanocobalamin-— Pink Peach Yellowish Orange Brownish Brown 
ascorbic acid orange orange 


ing glucose. A vehicle composed of equal parts acid on storage for six months at room tempera- 


of propylene glycol and glycerin afforded maxi- 
mum stability conditions for a mixture of cyano- 
cobalamin and ascorbic acid. There was about 
80° retention of cyanocobalamin and 85% re- 
tention of ascorbic acid in this vehicle after six 
months’ storage at 40°. There was no loss of 
eyanocobalamin and about 10°, loss of ascorbic 


ture. 

It is suggested that the decomposition products 
of ascorbic acid play an important part in the 
decomposition of cyanocobalamin. Investiga- 
tions are continuing on various phases of this 
problem, and it is expected that the results will be 
published. 
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The Synthesis of Possible Degradation Products of 
Nicotine* 


By RAYMOND N. CASTLEt and ALFRED BURGER 
The following compounds have been synthesized as possible degradation products 


of nicotine: 


these com 


Lo. Haac, and others (1-4) have been 

interested in the biological fate of nicotine (I). 
It has been found (4) that the urine of dogs that 
had received nicotine contained a substance 
which gave a red color with cyanogen bromide, 
while the color reaction was not observed if the 
dogs had not received nicotine. The urine of 
dogs that had received nornicotine (II) also gave 
a red color with cyanogen bromide. This color 
was due to unchanged nornicotine. It has 
been established (5) that nornicotine is not a 
metabolite of nicotine. In order to determine 
the structural requirements for the red color 
with cyanogen bromide, a series of compounds 
was examined and it was found that a red color 
was obtained when a primary or secondary amino 
group was attached to the carbon atom adjacent 
to the pyridine ring (III), (where R may be H 
or alkyl). This would suggest enzymic cleav- 


Aw? N R 

ANY ‘NY oH 
(1) (11) (111) 


age of the pyrrolidine ring of nicotine between 
carbon atom five and the nitrogen atom as shown 
in Fig. 1. This is in accord with the mechanism 
postulated by Taggart and Krakaur (6) for the 
enzymic cleavage of the pyrrolidine ring of 
proline and hydroxyproline. 


\—CH—CH; 
NHR 
(IV) a, R=CH, 
(IV) b, R=H 
Figure 1 


CH,—COOH 


* Received August 21, 1953, from The Cobb Chemical 
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Presented to the Scientific Section, A. Pu. A., Salt Lake 
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f y-keto-)-(3-pyridyl butyric acid, §-amino-§-(3-pyridyl )-propionic 
acid, and §8-methylamino-§-(3-pyridyl)-propionic acid. i 
s have been prepared. 


Certain derivatives of 


The corresponding propionic acid analogs of IV 
are also possible degradation products of nicotine. 
We have synthesized 8-amino-8-(3-pyridyl) pro- 
pionic acid V, by the addition of hydroxylamine 
to 8-(3-pyridyl)acrylic acid. V, was also pre- 
pared by the condensation of nicotinaldehyde, 
malonic acid, and ammonium acetate in absolute 
ethanol. It was accompanied by 8-(3-pyridyl) 


YN NHR 


(V) a, R=H 
(V) b, R=CH, 


acrylic acid and by a large amount of an unidenti- 
fied substance which could be converted to the 
above acid by heat. 8-Methylamino-s-(3-pyri- 
dyl)propionic acid V, was prepared by the con- 
densation of nicotinaldehyde, malonic acid, and 
methylammonium acetate in absolute ethanol. 
Both V, and Vp gave a red color with cyanogen 
bromide (5). Compounds V, and V), have been 
characterized by their infrared absorption spectra! 
obtained in a mineral oil mull. Both amino 
acids show absorption bands in the 6.0-6.7 4 
region which are characteristic of amino acids. 

For the attempted synthesis of y-amino-y- 
(3-pyridyl)butyric acid IV», ethyl nicotinate VI 
was condensed with diethyl succinate VII by a 
modification of the procedure of Shivers, Dillon, 
and Hauser (7). The diethyl a-nicotinoylsuc- 
cinate VIII thus obtained was converted to y- 
keto-y-(3-pyridyl) butyric acid [IX by acid hydrol- 
ysis and decarboxylation (Fig. 2). 

After the synthesis of IX was completed Wada 
and Yamasaki (8) announced the isolation of the 
keto acid IX from microbial culture media in 
which nicotine was the only nitrogen-containing 
substrate. Our synthesis constitutes a proof of 
structure of their keto acid. It is entirely possi- 
ble that this compound may be important in 
other biological degradations of nicotine, al- 
though it would not be expected to give a red 
color with cyanogen bromide. 


' These spectra were determined by E. S. Harlow and 
W. B. Wartman of the Research Laboratory of the American 
Tobacco Company, Richmond, Va 
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—COOC.H, CH,COOC,H, NaNH; 


| 
CH,COOC;H, 
(VII) 
CH,COOCH, 
booc.tt 
(VIII) 


(VI) 


Oo 


Figure 2 


C—CH, 


CH,—-COOH 


Compound IX was readily converted to the 
oxime. All attempts to reduce the oxime to the 
amino acid IV), or to the lactam X have been 
unsuccessful. We were also unable to convert 
the keto acid IX into IV, or X by catalytic reduc- 


tion in the presence of ammonia. It was expected 


H 
(X) 
that the reduction of the acetylhydrazone of 
IX would furnish IV, or X since the acetylhydra- 
zone of diethyl 8-ketopimelate was a good source 
of B-aminopimelic acid (9). However, the reduc- 
tion of the acetylhydrazone of LX with aluminum 
amalgam gave unidentifiable gums. Other syn- 
thetic routes to IV,, IVp, and X are being in- 
vestigated, 

In Table I the important features of the ultra- 
violet absorption spectra of IX and its methyl 
ester are compared with those of 3-acetylpyridine 
(10) and with the natural keto acid isolated by 
Wada and Yamasaki (11). 


EXPERIMENTAL 


All melting points are uncorrected. 


8-(3-Pyridyl acrylic Acid.—This compound was 
prepared by the method of Panizzon (12) from 
nicotinaldehyde*® and malonic acid in the presence 
of pyridine and piperidine, m. p. 231-234°. 

8-(3-Pyridyl acrylic Acid Hydrobromide.—It was 
prepared by refluxing the 8-(3-pyridyl)acrylic acid 
in 40% aqueous hydrobromic acid. The nearly 
pure hydrobromide separated as white plates upon 
cooling. A sample purified for analysis melted at 
263-265°. 

Anal.—Caled. for CsH;NO, HBr: 
3.51. Found: C, 42.17; H, 3.75. 


* Supplied by Dr. John Aeschlimann, Hoffmann-La Roche, 
Nutley, N. J. 


C, 41.76; H, 


Vol. XLIII, No. 3 


Tasie I.—CompParison oF ULTRAVIOLET ABsorP- 
A 


Misime 
A, 
Compound 


3-Acetylpyridine 250 

y-Keto-y-(3-pyridy])- 
butyric acid 

Methyl y-keto-y-(3- 
pyridyl )butyrate 


250 


250 
300 
320 
Natural Keto 2! 
Acid (11) ) 


8-(Amino-§-(3-pyridy! propionic Acid. The pro- 
cedure in Organic Syntheses (13) for the preparation 
of 8-phenyl-8-alanine was adapted to the prepara- 
tion of the 3-pyridy] analog. 

To a hot solution of sodium ethoxide, prepared 
from 2.3 Gm. (0.1 Gm. atom) of sodium and 80 ml 
ot absolute ethanol, was added with shaking 6.95 
Gm. (0.1 mole) of hydroxylamine hydrochloride. 
The suspended sodium chloride was filtered off and 
washed with absolute ethanol. To this solution 
was added 7.45 Gm. (0.05 mole) of 8-(3-pyridyl)- 
acrylic acid. A voluminous precipitate separated 
which dissolved upon heating. After nine hours 
of refluxing the reaction mixture deposited 0.6 
Gm. of the desired amino acid upon cooling. After 
repeated purification, accomplished by dissolving 
the compound in water and precipitating it with 
absolute ethanol, it gave fine white plates, m. p. 
206° (dec.). 

Anal.—Caled. for C, 57.82; H, 6.07. 
Found: C, 58.18; H, 6.11. 

The above amino acid was also prepared by re 
fluxing 3.2 Gm. (0.03 mole) ot nicotinaldehyde, 3.1 
Gm. (0.03 mole) of malonic acid, and 4.6 Gm. (0.06 
mole) of ammonium acetate in 25 ml. of absolute 
ethanol. The evolution of carbon dioxide which 
began upon mixing the reactants continued for 
nearly the entire refluxing period of one hour. 
After allowing the reaction mixture to cool, the white 
solid (2.8 Gm.) was filtered and dried. This sub- 
stance decomposes with the evolution of gas (both 
carbon dioxide and ammonia) at 148-160° and is 
converted into §8-(3-pyridyl)acrylic acid, m. p. 
231-234°. After several purifications this ex- 
tremely water-soluble substance would not give a 
satisfactory analysis for any possible compound. 

The filtrate was refluxed for an additional twenty 
minutes and allowed to cool. The desired amino 
acid (0.6 Gm.), which separated, melted at 205- 
206° (dec.) after purification. Some additional 8- 
(3-pyridyl acrylic acid was isolated from the mother 
liquor. 

8-Methylamino- 8-(3-pyridyl)propionic Acid.— 
Thirty-three grams (0.36 mole) of methylammonium 
acetate, 18.6 Gm. (0.18 mole) of malonic acid, and 
19.2 Gm. (0.18 mole) of nicotinaldehyde were dis- 
solved in 150 ml. of absolute ethanol and the mixture 
refluxed for two hours. On cooling the solution, 
9.2 Gm. of 8-(3-pyridy])acrylic acid separated. The 
filtrate solidified to a mush which altogether pro- 
duced 6.2 Gm. of 8-methylamino-s (3-pyridy])- 
propionic acid. A sample purified for analysis by 
several crystallizations from absolute methanol 
melted at 171-171.5°. 
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Anal. Caled. for Cs,H»N,O.: C, 59.98: H, 6.72. 
Found: C, 59.48; H, 6.78 

This procedure has been carried out several times. 
The yield of the amino acid varies with no apparent 
changes in procedure. In two experiments only 8 
(3-pyridyl jacrylic acid could be isolated 

+-Keto-»-(3-pyridyl butyric Acid.-To 16.4 Gm 
(0.42 mole) of sodium amide, covered with dry 
ether, were added all at once 69.7 Gm. (0.4 mole) of 
freshly distilled diethyl succinate and then 33.3 
Gm. (0.22 mole) of ethyl nicotinate. Sufficient dry 
ether was added to bring the total volume of ether 
to 80 ml. If more ether was used the yields were 
negligible. The mixture was refluxed and stirred 
for two and one-half hours when the evolution of 
ammonia was completed. 

The thick brown reaction mixture was poured 
into a mixture of ice and concentrated hvdrochloric 
acid. The acid mixture was then saturated with 
solid sodium bicarbonate and repeatedly extracted 
with ether. This ether extract (A) was extracted 
several times with 5% hydrochloric acid; the acid 
extract was again saturated with sodium bicarbon- 
ate and extracted with ether. After drying the ex- 
tract (anhydrous sodium sul’ate), the ether was 
evaporated. From the residual oil 8.6 Gm. of ethyl 
nicotinate was recovered. On fractionation 22.6 
Gm. (50%) of diethyl a-nicotinoyl-succinate boiling 
at 160-162° at 1 mm. was obtained. The maximum 
yield obtained in other experiments amounted to 
56%. From ether extract A some diethyl! succinate 
was always recovered together with some diethv] 
2,5 diketo-1,4-cyclohexanedicarboxylate, m. p. 124°. 

The diethyl! a-nicotinoylsuccinate was hydrolyzed 
and decarboxylated by refluxing a mixture of 15 
Gm. of the ester with 26 ml. of water and 2 ml. of 
concentrated sulfuric acid for forty-eight hours. 
After cooling and adjustment of the solution to pH 
44.5 with ammonium hydroxide, the y-keto-y- 
(3-pyridyl)butyric acid separated. There was ob- 
tained 7.3 Gm. (76%) of compound which after 
four crystallizations trom ethanol melted at 161.5- 
163°. 

Anal. Caled. for CsHgNO;: C, 60.33; H, 5.06; 
N, 7.82. Found: C, 60.34; H, 5.20; N, 7.63. 

y-Oximino-»y-(3-pyridyl butyric Acid.—To 9.0 
Gm. (0.05 mole) of y-keto-y-(3-pyridyl butyric acid 
in 50 ml. ef 10% sodium hydroxide solution was 
added 5.25 Gm. (0.075 mole) of hydroxylamine 
hydrochloride dissolved in 15 ml. of water. The 
solution, after standing forty-eight hours at room 
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temperature, deposited 8.5 Gm. (88%) of the oxime 
upon neutralization with dilute sulfuric acid. The 
white needles melted at 165-166° after three 
crystallizations from hot water 

Anal. Caled. for CysHwN.O;: C, 55.66; H, 5.19. 
Found: C, 55.45; H, 5.22. 

Acetylhydrazone of »)-Keto-»)-(3-pyridyl butyric 
Acid.—-A solution of 3.58 Gm. (0.02 mole) of y-keto- 
y43-pyridyl butyric acid and 1.24 Gm. (0.02 mole) 
of acetylhydrazine in 60 ml. of absolute ethanol was 
refluxed for one and one-fourth hours. About two- 
thirds of the ethanol was removed by distillation. 
The white crystalline solid (3.7 Gm.) separated on 
cooling. After three crystallizations from absolute 
ethanol the compound melted at 195-198°. 

Anal. Caled. for C, 56.16;  H, 
5.57. Found: C, 55.97; H, 5.51. 

Methyl »-Keto-»-(3-pyridyl )butyrate.. Five Gm 
(0.028 mole) of y-keto-y-(3-pyridy] butyric acid was 
refluxed in 100 ml. of absolute methanol containing 
10 ml. of concentrated sulfuric acid for seven hours. 
One-half of the methanol was removed by distilla- 
tion, the residue neutralized with ammonium hy- 
droxide, and the ammoniuim sulfate removed by fil- 
tration. The mother liquor was concentrated to a 
thick syrup which solidified to a purple solid on 
refrigeration, amounting to 2.45 Gm. (46%). After 
two crystallizations (Norite) from hot water, the 
ester melted at 65.5-67.5°. 

Anal. Caled. for CywHy NOs: 
5.74. Found: C, 61.91; H, 5.91. 

Ultraviolet Absorption Spectra. These 


C, 62.16; H, 


data 


(Table I) were determined in 95% ethanol with 
the Beckman D. U. spectrophotometer. 
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Cardiovascular Actions of Some Simple Nucleic Acid 
Derivatives* 


By VIRGINIA SYDOW and RAYMOND P. AHLQUIST 


Actions of a large number of nucleic acid derivatives were studied on the aortic 
pressure pulse, arterial pressure, femoral artery flow, and the electrocardiogram of 
anesthetized dogs, and on the rate and amplitude of contraction and coronary out- 
flow of perfused rabbit hearts. Of the compounds examined rrp | adenosine-3- 


phosphoric acid, adenosine-5-phosphoric acid, and guanylic acid 
cardiovascular activity in the doses used. 


ad significant 
Some general relationships between 


chemical structure and vascular activity are presented. 


Wo ON THE LIBERATION of adenyl com. 

pounds in response to traumatic shock and 
cobra venom, their presence in fresh defibrinated 
blood, and their toxic actions (1—9) interested us 
in re-examining their cardiovascular effects. 

An excellent review of the physiological activity 
of nucleic acids and their derivatives was com- 
piled by Drury in 1939 (10). Since his material 
still represents most of our knowledge about the 
physiological activity of these compounds only a 
brief background is given here. 

Among the effects of adenosine and muscle 
adenylic acid (in dogs) are bradycardia, increased 
coronary flow, and lowered arterial pressure ‘due 
in part to cardiac slowing and in part to general 
arterial dilation’ (11). The consensus of later 
opinion is that dilation is the major cause of the 
lowered pressure. Wedd and Drury (12) ob- 
served that, after intravenous injection in dogs, 
adenosine and muscle adenylic acid had similar 
effects on the coronary flow and mean blood pres 
sure, both in degree and duration, while veast 
adenylic acid and cytidylic acid produced a 
greater flow and had a longer duration of action. 
They also concluded that, since increased coro 
nary flow sometimes occurred when there was 
no change in general blood pressure, the 
coronary vessels were more sensitive to these 
substances than blood vessels in other parts 
of the body. Fléssner (13) stated that physio- 
logical activity did not depend on the presence of 
side chains on the purine ring as simple pentosides 
and purine bases were active. He found adeno- 
sine to have the most effect on the blood pressure. 
Other investigators (14-17) found purine bases 
and also certain nucleosides and nucleotides in- 
active with respect to blood pressure and flow; 
various organs and species were used. The 
greatest discrepancies occur in the guanine series 
which has been found active by some investi 
gators and inactive by others and in the degree of 

* Received September 26, 1953, from the Department of 
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activity of yeast adenylic acid and cytidylic 
acid. Most results indicate that yeast adenylic 
acid has little influence on the heart rate but is a 
strong depressor substance (10). 

Experiments on the perfused rabbit heart 
showed the same general typeof results: increased 
coronary flow, decreased heart rate, heart block, 
and decreased amplitude of contraction (14) with 
the adenyl compounds, adenosine, muscle, and 
yeast adenylic acids; contradictory results are re- 
ported for other nucleic acid derivatives. 

It is of interest that the human heart is, 
apparently, unique and responds to adenosine, 
muscle, and yeast adenylic acids with an increase 
followed by a short-lasting decrease in rate 
according to Hartman (18). 

In some of the work mentioned above there has 
been a possible doubt as to the purity of the com- 
pounds used and, in a few cases, of the actual 
identity. It was therefore decided to study the 
actionsof a groupof nucleic acid derivatives on the 
aortic pressure pulse, arterial pressure, femoral 
arterial flow, heart rate, and electrocardiogram 
of the anesthetized dog and on the coronary flow, 
rate, and amplitude of contraction of the perfused 
rabbit heart and attempt to draw some con- 
clusions as to the order of activity and the rela- 
tionship of structure to activity among them. 


EXPERIMENTAL 


Materials Studied... The drugs used and an 
indication of their structural interrelationships are 
shown in Table I. 

Cardiovascular Actions in Dogs. Dogs of either 
sex were used. All were premedicated with mor- 
phine sulfate, 10 mg./Kg. given subcutaneously, 
and anesthetized with intravenous pentobarbital 
sodium, 20 mg./Kg. When atropine sulfate was 
used the dosage was 0.5 mg./Kg. Doses of the 
experimental drugs are expressed as free acid or 
base on a per kilogram basis 

Blood Flow in Anesthetized, Atropinized Dogs. — 
Femoral arterial blood flow was measured with an 
optically recording rotameter. Intra-arterial, intra- 
aortic, or intravenous injections of the drugs were 
tested, but the intra-arterial route was considered 
the most significant for flow studies. All drugs listed 
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Taste |.—-Drucs Usep anp Tuer Srrucrurar 
INTERRELATIONSHIPS 

“p- Ribose pPentose 

Adenine 6-Aminopurine 

Adenosine Adenine-9-riboside 


3-Adenylic acid* 
5-Adenylic acid* 


Adenosine-3-phosphoric acid 
Adenosine-5-phosphoric acid 


Guanine 2-Amino-6-hydroxypurine 
Guanosine Guanine-9-riboside 

Guanylic acid* Guanosine-3-phosphoric acid 
Hypoxanthine 6-Hydroxypurine 

Inosine Hypoxanthine-9-riboside 
Xanthine 2,6-Dihydroxypurine 
Cytosine 2-Hydroxy-6-aminopyrimidine 
Cytidine Cytosine-3-riboside 
Cytidylic acid* Cytidine-3-phosphoric acid 
Uracil 2,6- Dihydroxypyrimidine 
Uridine Uracil-3-riboside 

Thymine 5-Methyluracil 


= Acid neutralized with sodium bicarbooat > before une 


in Table I were tested for peripheral vascular effects 
and those showing appreciable activity were studied 
more closely. 

Adenosine, 0.022 mg. (0.8 X 107* mM), 3- 
adenylic acid and 5-adenylic acid, 0.2 mg. (5.5 X 
10-* mM), administered intra-arterially, approxi- 
mately doubled the femoral blood flow without 
affecting the pressure. The flow returned to the 
control level in one-half to two minutes. Guanylic 
acid, in equimolar dose, produced an increase in flow 
about one-sixth that of the 3-adenylic acid. Guano- 
sine, solubilizing with difficulty, was used in both 
sodium hydroxide and hydrochloric acid solutions. 
Both increased and decreased flows were obtained 
depending apparently on the condition of the dog, 
and no conclusion as to the activity of guanosine 
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could be made. Minimal doses of guanosine which 
produced an effect varied from 0.8 mg. to 6.2 mg. 
(28 X mM to 22 X mM). Equal 
volumes of the solvents were without pronounced 
effects. None of the other compounds showed 
activity. Figure 1 illustrates the type of flow re- 
sponses obtained. 

Blood Pressure in Anesthetized Dogs.--Arterial 
pressure was recorded from either the femoral or 
carotid artery by means of a mercury manometer 
or a Statham pressure transducer (19). Single 
doses or continuous infusions were administered 
intravenously, intra-arterially, or intra-aortically. 
Injections into the arch of the aorta produced pe- 
ripheral vascular effects before direct cardiac effects 
became apparent. This served as a convenient 
way to separate roughly the peripheral and cardiac 
effects of the drugs. 

A fall in arterial pressure was produced by adeno- 
sine, 3-adenylic acid, 5-adenylic acid, and guanylic 
acid on the injection by any route of a single dose 
of 2 to 10 times the amounts necessary to produce 
increased flow on intra-arterial injection. Equi- 
molar doses of adenosine and 3-adenylic acid pro- 
duced the same fall in arterial pressure. 5-Adenylic 
acid was about one-third more active and guanylic 
acid about one-sixth as active as adenosine. The 
pressure returned to the control level in one-half to 
one and one-half minutes after adenosine, one to 
three minutes after 5-acid and in five to ten minutes 
after 3-acid. Adenosine, 0.35 mg. (13 X& 107° 
m.V), produced the same decrease in arterial pres- 
sure after both intra-aortic and intravenous injec- 
tion 

Constant injection of adenosine (0.5 cc./min. of 
a 4.5 mg./ce. solution) decreased the pressure for 
approximately one minute but with this dosage the 
pressure returned to the control level even though 
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Effect of intra-arterial injection of adenyl compounds on femoral flow (cc./min.), femoral and 


sodium 


NaAd—sodium-3-adenylate; NaCy 
adenosine in larger dose showing typical 
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the injection was continued Larger doses of 
adenosine could not be tried due to the insolubility 
of adenosine and the limited capacity of the injector 
used. Comparison of constant injection of 5- 
adenylic acid (40 mg./cc.) and 3-adenylic acid (40 
mg. /ce.) at rates which were automatically adjusted 
(20) to maintain a pressure equilibrium below the 
control pressure of the animal gave the following 
results: a longer time and a greater quantity of the 
drug required for 3-adenylic acid to reach equilib- 
rium than for S-adenylic acid. However, after 
equilibrium was reached, a slower rate of injection 
of the 3-acid than of the 5-acid was required to 
maintain the low pressure. After cessation of the 
injections, the pressure required two to four minutes 
to return to the control level after the 3-acid and 
fifteen to twenty seconds after the 5-acid 

The depressor effect of the active compounds 
was not blocked by vagotomy, piperoxan, 4 mg., 
tripelennamine, 10 mg., or atropine, 0.5 mg 

Electrocardiogram, Aortic Pressure Pulse, and 
Heart Rate in Dogs.—-Observations were made on 
anesthetized dogs by means of either a two-channel 
electrocardiograph or a cathode ray cardiotachom- 
eter. The aortic pressure pulse was recorded from 
the arch of the aorta by means of a Hamilton or 
Statham manometer. Admin‘stration of drugs was 
by the previously described modes 

Single doses of 2-4 mg. (5.7 K 1078 to 1.1 X 
10°? mW) of adenosine and the two adenylic 
acids gave observable effects on the heart rate. The 
effect on the electrocardiogram was small and con- 
sisted of a slight shift in the frontal plane 7 vector 
coincident with the pressure drop 

The effect on the heart rate depended on the con- 
dition and pretreatment of the animal. In un- 
atropinized dogs with vagi intact a tachycardia of 
two to four times the normal control rate occurred 
during the pressure drop and persisted until the 
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pressure returned to normal. This was true for 
both single doses and constant injection. Follow- 
ing atropine or vagal section adenosine and 5- 
adenylic acid slowed the heart rate to the pre- 
atropine control level or below for the duration 
of the depressor effect. Figure 2 illustrates these 
effects. The 3-adenylic acid slowed the heart rate 
to approximately one and one-half times the control 
rate for the duration of the depressor effect and thus 
for a longer time than the above two drugs. Smaller 
single doses than those stated above had no effect 
on the heart rate. In the constant injection experi- 
ments done, the heart was not slowed. This was 
probably due to the fact that the drugs were being 
given in smaller quantities than are necessary for 
direct cardiac action. 

Rabbit Hearts Perfused by the Langendorff 
Method.—Rabbit hearts were perfused in a glass 
apparatus (21) and the coronary flow, heart rate, 
and amplitude of contraction were recorded. Drugs 
were injected into the coronary inflow and not al- 
lowed to recirculate or were placed in the 400-cc. 
reservoir and allowed to remain in the perfusion 
fluid. Doses are expressed as total amount of free 
acid or base used. Adenosine, 3-adenylic acid, and 
5-adenylic acid exhibited activity. 

Adenosine in doses ranging upward from 0.5 mg 
injected into the coronary inflow stopped the heart 
for one to five seconds. The heart then resumed 
beating at a slow rate and with decreased amplitude. 
In thirty seconds to five minutes, depending on dose 
size, the rate returned to the control value and 
control or slightly greater amplitude. An irregular 
or weak beat was usually changed to a strong 
regular beat by the drug 3-Adenylic acid and 5- 
adenylic acid even in doses of 5-10 mg. only slowed 
the heart without stopping it but otherwise acted 
like adenosine. The 3-acid had the least effect on 
the heart. 
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Fig. 2.—Effect of 5-adenylic acid on aortic pressure pulse (mm. Hg.) and heart rate of the dog 

Upper left—control sinus rhythm; lower left—depressor effect and tachycardia produced by sodium-5- 
adenylate (4 mg./kg.); supper right—tachycardia following bilateral vagal section; /Jower right—depressor 
effect and bradycardia following sodium-5-adenylate (4 mg./kg.). (Note the increased pulse pressure in- 
dicating no impairment of myocardial activity.) 
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Tasce I!.—-CoMPARISON OF VASODILATOR ACTIVITY IN THE ANESTHETIZED Doc 


Compounds Structural Relationship 
Adenine 6-Aminopurine 
Adenosine Adenine-9-riboside 


3-Adenylic acid 
5-Adenylic acid 
Guanine 
Guanosine 
Guanylic acid 
Cytidylic acid 
All others 


Guanine-9-riboside 


_ One-sixth of 3-adenylic acid 


The effect on coronary flow was erratic and could 
not be correlated with the size of the dose of mate- 
rial. There was at no time a greater than 15% 
increase or decrease in flow. 

Doses of less than 4.5 mg. of any of the drugs 
introduced into the 400-cc. reservoir for prolonged 
perfusion had no effect on the rate, amplitude, or 
coronary flow. Doses of 4.5 mg. or more markedly 
slowed the heart rate for as long as the perfusion 
continued. The amplitude of contraction was first 
slightly decreased and then gradually returned to 
normal or greater than normal. No attempt was 
made to continue such a perfusion for longer than 
three hours but at least for that period of time the 
hearts remained small with a strong regular beat. 
The effect on coronary flow was again erratic and 
small. 

The myocardial and coronary flow effects were 
not significantly modified by simultaneous or previ- 
ous injection of oxytocin, vasopressin, epinephrine. 
or atropine. 


DISCUSSION 


The depressor effect of the active adenyl com- 
pounds is due to direct peripheral vasodilation. 
This fact is clearly demonstrated by the increased 
femoral blood flow following intra-arterial adminis- 
tration. The similarity of the response with 
either intravenous or intra-aortic administration 
also indicates that the heart does not significantly 
contribute to the depressor effect with the smaller 
doses. 

The tachycardia produced by these compounds 
in unatropinized animals is probably of reflex origin 
due to the fall in pressure. 

Sinus bradycardia is produced by adenosine and 
the adenylic acids in atropinized or vagotomized 
dogs, or the perfused rabbit heart. Except for a 
transient decrease in amplitude of contraction of the 
isolated heart no evidence of cardiac weakening 
was found. An examination of the pulse contour 
during the bradycardia gives no indication of any 
significant myocardial effect. 

Drury and Szent-Gyorgyi (11) have described the 
bradycardia produced by the 3- and the 5-adenylic 
acids. In their opinion the bradycardia is partially 
responsible for the depressor effects of these com- 
pounds. In our studies, the fall in arterial pressure 
was apparently independent of the heart rate. 

The erratic effect on coronary flow was unexpected 
in view of the work of Sherrod and Louis (22) and 


Adenosine-3-phosphoric acid 
Adenosine-5-phosphoric acid 
2-Amino-6-hydroxypurine 


Guanosine-3-phosphoric acid 
Cytidine-3-phosphoric acid 
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numerous other investigators and may have been 
due to a fault inherent in the preparation. 

The limited list of active compounds, adenosine, 
3-adenylic acid, 5-adenylic acid, and guanylic acid 
gives only a slight indication of the structural 
requirements for vasodilator activity in this class 
of compounds. As shown in Table II, it appears 
that the ribose residue is necessary but not sufficient 
for activity, an amino group on the purine or 
pyrimidine ring is necessary, and the position 
modifies the activity. 

Where a phosphoric acid residue is present the 
position affects activity. The delay in reaching 
maximum effect with 3-adenylic acid suggests that 
the material is converted to an active compound 
more slowly than is the 5-adenylic acid. 


SUMMARY 


1. Adenosine, adenosine-3-phosphoric acid, 
adenosine-5-phosphoric acid, adenine, guanine, 
guanosine, guanylic acid, cytidine, cytidylic 
acid, xanthine, hypoxanthine, uracil, uridine, 
thymine, and ribose have been tested for their 
acute effects on the cardiovascular system. 

2. Adenosine, adenosine-3-phosphoric acid, 
adenosine-5-phosphoric acid, and guanylic acid 
were the only ones which showed significant 
activity in the doses used. 

3. These compounds lower the arterial pres- 
sure by direct peripheral vasodilation. In large 
doses transient sinus bradycardia is produced in 
atropinized or vagotomized dogs. 

4. Bradycardia and a short period of de- 
creased amplitude of contraction are produced in 
the perfused rabbit heart. The coronary flow is 
not significantly affected. 

5. Some general relationships between chem- 
ical structure and dilator activity are presented. 
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An Improved in vivo Method for Comparing the 
Constipative Effects of Drugs in Rabbits* 
By WM. C. VAN ARSDEL, III, and NORMAN A. DAVID 


A reliable and accurate estimate of narcotic drug effect on intestinal motility was 
obtained by making scybala counts at periods of one, t 
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, five, seven, and, oc- 


The lowest dose of 0.05 mg./Kg. of mor- 


phine increased the s — count during the first hour, but since the counts for the 


subsequent periods di 


not approach the control values, the over-all effect was that of 


a moderate nn oe of constipation. Morphine doses of 0.5 and 1 mg./Kg. 


creased the scy 


ala count up to the third hour after injection while the constipative 


effects of doses of 2 and 6 mg./Kg. were longer lasting. With 2 mg./Kg. little 
difference was noted in the 2 popes of the scybala count during the first seven 


hours whether food was allowe 


or removed. If, instead of graphing these results, 


the percentage of rabbits failing to defecate during an observation period is cal- 
culated, a more sensitive indicator is provided so that comparison of lower doses 


T= LABORATORY EVALUATION of drugs such as 

morphine which produce varving degrees of 
constipation has been unsatisfactory because of 
the few in vive screening methods available. 
Neither intestinal strip nor balloon motility 
studies are directly applicable to the problem of 
constipation since these procedures measure only 
certain phases of the complex mechanisms in- 
volved in the normal progression and expulsion of 
intestinal contents. Of the methods available, 
Eddy's (1, 2) rabbit technique seems to 
offer the greatest promise. As originally de- 
signed, this method required that the sub- 
cutaneously administered dose of an opiate com 
pletely suppress intestinal evacuation in each of 
ten rabbits for one or more thirty-minute periods 
during the several hours after injection. With 
this definition, it was found that the minimal 
effective constipative dose of morphine was 6 
mg./Kg. When Emerson (3) used this procedure 
to measure the laxative effect of prunes, he found 
that only a third of his control rabbits defecated 
during the observation period and since this was 
much lower than Eddy's control results, he 
attributed this difference to diet. 
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of constipating drugs on the intestinal tract may be made. 


A modification of Eddy’s method by Sato 
(4) showed that constipating drugs would 
significantly reduce the number of scybala passed 
by the rabbit each hour from 9 a. m. to 4 p. m. 
For this seven-hour period Sato’s control rabbits 
regularly produced from 40 to 56 fecal pellets. 
With this technique the minimal effective con- 
stipative dose of morphine appeared to be 
1 mg./Kg., but Krueger's (5) later tabulation of 
Sato’s results indicate that 2 mg./ Kg. is the dose. 
Sato also reported on the use of sympathecto- 
mized rabbits in this work, finding that morphine 
in dose ranges from 5 to 20 mg./Kg. exhibited 
little effect on scybala passing. Karr (6) used 
this modification to study the constipative effects 
of methadone and meperidine. Scott, ef ai. (7), 
reported that this method showed 5 mg./Kg. of 
morphine to be constipating while 2 mg./ Kg. was 
stimulatory to the intestinal tract over an eight- 
hour observation period. 


When we recently attempted to employ Sato’s 
in vivo rabbit method for comparing the constipa- 
tive effects of morphixe and several new synthetic 
analgesics, a number of difficulties arose. It 
was found that the scybala counts made during 
the daytime were either very low, the majority 
of animals failing to defecate at times for periods 
of several hours, or the feces were passed in a soft 
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malformed mass which prevented accurate com- 
parisons. Since normal values were practically 
impossible to obtain during the daytime and 
assuming that the rabbit (Lepus) still retains its 
nocturnal habits, we decided to carry out the 
observations from 5:00 p. m. on, at night. By 
this alteration in the time of observation and by 
suitably spacing the periods for making scybala 
counts after drug injection, we have been able to 
demonstrate with remarkable ability a dose rela- 
tionship to intestinal effect for graded doses of 
morphine. 


EXPERIMENTAL 


Groups of sixteen rabbits were used for each 
observation. Each rabbit served as its own control 
in that two or three days previous to drug trial 
saline was injected following which control scybala 
counts were made. Injections of saline or morphine 
were made subcutaneously at 5:00 p. m. and the 
scybala collected and counted at one, three, five, 
seven, and fifteen hours thereafter. To permit 
graphic depiction of the results, the average number 
of scybala produced per hour by the group was cal- 
culated by dividing the average of the total number 
of scybala counted by the number of hours in the 
respective collection period. Drug administrations 
were spaced at least one week apart, or even longer, 
to reduce any possibility of drug cumulative effects. 


RESULTS 


Some drift of the average scybala count for the 
first-hour collection period was noticeable over the 
many months of study in the saline control rabbits 
due to variations in the hours of daylight. How 
ever, effects from seasonable variation appeared 
negligible since the changes from drug administra- 
tion were out of this range of normal variability. 
It seemed feasible, therefore, to average all such 
control data together as shown in Fig. 1 for the 
“control, food ad lib.”” graph. 

Significant differences in scybala production may 
be caused by the presence or absence of food intake 
as shown by the two control graphs in Fig. 1. While 
our study does not permit outright separation of 
the influence of drug-induced anorexia from the con- 
stipative effect, the marked difference between the 
drug response and the effect of starvation (food 
removed at the time of drug injection) would sug- 
gest that anorexia represents a different type of 
response. For example, when a dose of 2 mg./Kg. 
of morphine was used, little difference was noted 
during the first seven hours in the scybala count 
whether food was allowed or removed 

With increases in the morphine dosage there was 
a graded decrease in the scybala count apparent for 
the first and third hour collection period. This 
average, as shown for the first hour periods in Fig. 1, 
masks the marked changes and variability in the 
count actually demonstrated by the individual rab- 
bits given morphine. During the first hour the 
percentage of rabbits which do not defecate (see 
Table I) or which produce only one or two scybala 
is considerably increased. However, a few rabbits 
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HOURS AFTER ADMINISTRATION 
Fig. 1.—The effect of various doses of morphine 
on the rabbits’ intestinal motility as measured by 
the production of scybala. The normal intestinal 
response with food ad lib. and under starvation con- 
ditions are also shown for comparison. It can be 
seen that there is a definite dose relationship in the 
response elicited. 


show an immediate increase in scybala production 
or pass soft, unformed stools so that the first-hour 
average picture is misleading. This immediate 
defecatory response to morphine is well known and 
never unexpected in dogs and humans. 

With the exception of the lowest dose of mor- 
phine (0.05 mg./Kg.) used, doses of 0.5, 1, 2, and 
6 mg./Kg. decreased the scybala count for both 
the first and third hour after injection. Appar- 
ently the constipative effects of 0.5 and 1 mg./Kg. 
of morphine wore off soon after the third hour, being 
replaced by a considerably increased scybala count 
at the five-hour period. This effect may represent 
a residual stimulatory action of the drug on the 
intestinal tract or simply that the animal ate more 
food during this time. The graph shown in Fig. 1 
for the first-hour count for 0.05 mg./Kg. of mor- 
phine does not depict the true situation since this 
determination was made late in June. The longer 


Taste Errecr or Grapep Doses or 
MORPHINE IN SUPPRESSING SCYBALA PRODUCTION 
IN RABBITS 
— — — — -- ] 
Per Cent of Rabbits 
Pailing to Pass 


No of 
Obser 
Drug vations 


Saline 287 
Saline* 48 
Morphine 16 
sulfate 
Morphine 
sulfate 
Morphine 
sulfate 
Morphine 
sulfate 
Morphine 
sulfate* 
Morphine 
sulfate 


Dose, 
Meg /Kg 


* Food removed at time of drug injection. 
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20 é 
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Injection — 
0-1 1-3 3-5 5-7 
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29 10 12 22 
122.5 0 0 
5D 6 
37 i8 3 3 
56 50 34 3 
43 87 37 12 
81 94 56 12 
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daylight period served to decrease the average for 
the first-hour control scybala count to around eleven 
instead of the higher figure of eighteen shown for the 
controls. Thus, there was actually increased scy- 
bala production during this first hour so that, 
initially, this low dose of morphine may be con- 
sidered as stimulatory. While the counts for the 
subsequent periods show a gradual increase, they 
remain below the control values, indicating that this 
low dose also causes a moderate degree of constipa- 
tion. This effect is more evident in the data pre- 
sented in Table I 

Another way of measuring the graded dose- 
response of the intestine to morphine is to calculate 
the percentage of rabbits which failed to defecate 
during an observation period as has been done in 
Table I. We believe that such a presentation of 
the data obtained by following Eddy's procedure 
allows comparison of lower doses and serves as a 
more sensitive indicator of the effects of constipat- 
ing drugs on the intestinal tract. 


DISCUSSION 


Previous in vivo methods of measuring the intes- 
tinal effect of drugs in the rabbit were subject to 
many biological limitations. The majority of 
rabbits in our colony produce formed scybala 
regularly only at night. The most sensitive indi- 
cator of drug effect must, then, be measurements 
taken at a time when formed scybala are con- 
sistently and regularly passed. Any tabulation 
for a period of time as long as eight hours after drug 
injection will usually obscure the time-response 


Extraction and Periodate Cleavage Studies of the 
Tannin Obtained from Pinus caribaea, Morelet* 


By A. I. DINESt and F. W. BOPE} 


Alcoholic and aqueous extraction methods applied to Pinus caribaea are pre- 
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effect of the drug administered. Shorter observa- 
tion periods show that the first effect of morphine 
is usually stimulatory with the formed scybala being 
expelled immediately after the drug injection. 
After this immediate stimulation there follows a 
period of constipation the duration of which increases 
as the dose is increased. This constipative effect 
can be measured only if observation periods are 
adequately spaced after the drug injection. 


SUMMARY 


1. By changing the time of observation from 
daytime to evening and by suitably spacing 
shorter periods for making scybala counts after 
administration of the drug, a reliable and 
accurate estimate of the effect of drugs on in- 


testinal motility can be made. 
2. Using such a modification, a dose-response 
relationship of morphine on rabbit intestinal 


motility can be demonstrated. 
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sented and compared. Through the measurement of a quantitative consumption 

of a specific glycol cleavage reagent, sodium metaperiodate, further evidence is 

presented in support of the suggestion that an alpha-glycol linkage exists in this 
natural phlobatannin 


| rst WORK on the structure of the phlobatan 

nins by Russell and his co-workers suggested 
that these natural products were flavpinacol de 
rivatives (1-5). The alpha-glycol linkage is 
characteristic of the flavpinacol structure. Bope 
and Gisvold in a preliminary phytochemical study 
of the tannin obtained from the slash pine tree, 
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Pinus caribaea, Morelet, presented data showing 
the possibility of the existence of such a linkage 
in the structure of this phlobatannin molecule 
(6). To study further the possibility of the 
presence of the alpha-glycol linkage, oxidative 
cleavage reactions were conducted on a methyl- 
ated derivative of the tannin, the specific alpha- 
glycol cleavage reagent sodium metaperiodate 
being used. The results were compared with 
those obtained by using lead tetraacetate as the 
cleavage reagent in a manner similar to that em- 
ployed by Bope and Gisvold. 

In addition to the oxidative cleavage reactions, 
a new method of extraction of the tannin was 
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employed by which the tannin could be isolated 
without the use of heat and thereby minimize any 
possibilities of polymerization or decomposition. 
The method employed involved lyophylization 
of an aqueous extract of the bark. This method 


was compared with the alcoholic extraction 
method used by Bope and Gisvold. 


EXPERIMENTAL 


The inner bark of the slash pine tree, Pinus 
caribaea, Morelet, was used as a source of the tannin. 
The particular sample was collected in the Fall of 
1949 through the courtesy of the Forest Service 
Division of the Department of Agriculture and was 
shipped from Olustee Experimental Forest, Olustee, 
Florida. 

The bark was dried in a current of warm air upon 
receipt, later ground to a No. 20 powder, and then 
stored in an amber bottle at room temperature until 
uscd 

Preliminary Extraction.._The powdered bark was 
extracted in a Soxhlet for twenty-four hours with 
petroleum ether followed by extraction with ether 
for a similar period of time in order to remove those 
lipoids that are soluble in these solvents. 

Extraction..-Two 1,000-Gm. portions of the de- 
fatted bark were macerated for three hours with 
2,000 ml. of 95% alcohol and 2,000 ml. of water, 
respectively. The samples were percolated with 
alcohol and water. The first of the percolates 
gave a deep green color with FeCl, T. S. and a 
positive Molisch test. Percolation was continued 
until a negative FeCl, test was obtained. For the 
first sample, a total of 13.5 L. of 95% alcohol was 
required for complete extraction as indicated by a 
negative FeCl, test. However, a total of 24.5 L. 
of water was used to extract the tannin from the 
second sample. Percolation with water was stopped 
at 24.5 L., even though a slight positive FeCl, test 
was still being obtained. 

The alcoholic percolate and the aqueous percolate 
were each divided into four equal portions and 
stored at 10°. 

The alcohol was removed from one portion of the 
alcoholic percolate under reduced pressure with a 
minimum of heat from a steam bath. After drying 
in a vacuum desiccator over Drierite, the crude 
tannin weighed 70.5 Gm., or 28.2% of the defatted 
bark. This product was light brown, amorphous, 
and somewhat soluble in water. An aqueous solu- 
tion of it gave a positive FeCl, test, positive Molisch 
test for sugar, and a positive phlobaphene test (7) 
when heated with a few drops of concentrated 
HCl. The crude tannin was stored in an amber 
bottle in the refrigerator. 

The water was removed from one portion of the 
aqueous percolate by lyophylization in a commercial 
Stokes Freeze drying unit. The crude tannin ob- 
tained by this procedure was a fluffy, light brown, 
amorphous powder, very soluble in water, and 
weighed 63.5 Gm., or 25% of the defatted bark. 
An aqueous solution of this product gave the same 
positive qualitative tests as the crude tannin ob- 
tained from the alcoholic extract. This crude tan- 
nin was also stored in a refrigerator in an amber 


bottle. 
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Purification.—A slight modification of the tetra- 
hydrofuran method employed by Bope and Gisvold 
(6) was used as a means of purification. The general 
procedure was as follows: 20 Gm. of the crude tan- 
nin was dissolved in a mixture of 200 ml. of freshly 
distilled tetrahydrofuran and 100 ml. of water to 
give a deep red solution. A small amount of the 
crude tannin remained undissolved. This solution 
was carefully decanted into a separatory funnel and 
an excess of anhydrous NasSO, was added to effect 
separation of the aqueous and tetrahydrofuran 
layers. After the separation was complete, the 
lower aqueous layer was drawn off. The remaining 
tetrahydrofuran solution of the tannin was then 
washed with 50-ml. portions of water to remove 
all traces of sugar from the tetrahydrofuran solu- 
tion, as indicated by a negative Molisch test. In 
each case an excess of anhydrous Na;SO, was added 
to effect separation of the two layers. Four such 
washings were required for the 20 Gm. of crude 
tannin extracted by alcohol, while five were required 
for the 20 Gm. of crude tannin extracted by water. 
In each case, the small amount of crude tannin 
remaining undissolved from the 20-Gm. sample was 
dissolved and washed free of sugars in a similar 
manner. 

The tetrahydrofuran solutions of sugar-free 
tannin were dried overnight with Drierite. After 
removal of the Drierite by filtration, the solvent 
was removed by vacuum distillation. The purified 
product was then dried in a vacuum desiccator over 
Drierite. 

The 20-Gm. portion of crude tannin from the 
alcoholic extraction yielded 13.0 Gm. of purified 
tannin. This represented 65% of the crude tannin, 
or 18.3% of the defatted bark. The 20-Gm. por- 
tion of crude tannin from the aqueous extraction 
yielded only 8.5 Gm., which represented 42.5% of 
the crude tannin, or 10.8° of the defatted bark. 

The two purified tannins were amorphous and 
gave positive FeCl, tests as well as positive phloba- 
phene tests. However, they gave negative tests 
for sugar with Molisch reagent. They were stored 
in the refrigerator in amber bottles. 

Methylation._-Two grams of the purified tannin 
obtained from the alcoholic extract of the defatted 
bark was dissolved in 30 ml. of methyl alcohol. 
This solution was shaken with an excess of sodium 
hydrosulfite to reduce any quinoid structures to 
free phenolic hydroxyls. The solution was then 
filtered and methylated immediately by the slow 
addition, with shaking, of 100 ml. of an ethereal 
solution of diazomethane. An excess of diazo- 
methane (prepared from N-nitrosomethylurea) was 
used as indicated by a yellow color of the methyla- 
tion mixture. During methylation a tan-colored 
precipitate was obtained. After standing over- 
night at 10°, the methylation mixture was filtered 
and the precipitate was washed with ether. The 
precipitate was amorphous and weighed 1.5 Gm. 
Concentration of the filtrate and dilution with 
water produced a cloudy solution which, after 
standing overnight, yielded an additional 0.3 Gm. 
of a tan amorphous product. After drying the com- 
bined methylated products in an Abderhalden 
drying pistol for six hours over P,O,, a methoxyl 
determination by the Clark modification of the 
Viebach and Schwappach procedure (8) showed 
23.73% methoxyl. 
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The methylated tannin was remethylated with 
diazomethane to give a product that had a 27.55% 
methoxyl content 

Remethylation again in the same manner pro- 
duced a buff-colored product which did not melt 
but decomposed above 230°. A methoxyl deter- 
mination, following drying as before, showed 28.26°% 
methoxyl. This value indicated the presence of 
three methoxy! groups for the CyH yO. catechin- 
type residue (calculated 28.02°) or six for Russell's 
flavpinacol-type structure with the empirical for- 
mula OCH, )s 

Periodate Oxidation. The general procedure was 
as follows: A carefully weighed amount of the 
methylated tannin (0.150 Gm.) was dissolved in 20 
ml. of glacial acetic acid, resulting in a yellow solu- 
tion. Exactly 5 ml. of 0.04931 M (0.09862 N) 
sodium metaperiodate solution was added. The 
reaction mixture was then heated on a water bath 
at 50-55° for twenty-four hours. At the end of 
this period of time, the solution was a deep yellow- 
orange 

The solution was then neutralized by the slow 
addition of 100 ml. of 20° Na,CO, solution fol- 
lowed by 1.5 Gm. of NaHCO,. The resulting solu- 
tion had a pH of about 6.5-7. To the neutralized 
solution, exactly 5 ml. of 0.500 N sodium arsenite 
solution and 5 mil. of approximately 1 M KI solu- 
tion were added. After standing for five minutes, 
the excess sodium arsenite was determined by titra- 
tion with 0.1014 N I, solution using starch as the 
indicator. Blanks containing only the reagents 
were carried out in a like manner. The titration 
indicated that 1.003 moles of NalO, were con- 
sumed per mole of CyoHwOnOCHs)s 

No attempt was made to isolate any of the cleav- 
age products. However, after neutralization of the 
reaction mixtures, an orange-brown precipitate was 
present in each 

Lead Tetraacetate Oxidation.._In order to sub 
stantiate the periodate cleavage, an oxidative 
cleavage reaction was conducted on the methoxyl 
derivative using Criegee's reagent, lead tetraacetate 

The general procedure was as follows: a carefully 
weighed amount of the methylated tannin (0.150 
Gm.) was dissolved in 20 ml. of glacial acetic acid, 
resulting in an orange-colored solution. Then 5 
ml. of methyl alcohol was added as a catalyst fol 
lowed by the addition of 20 ml. of 0.025 M (0.050 
N) lead tetraacetate solution. The solution deep- 
ened in color. The reaction mixture was heated 
on a water bath at 50-55° under a reflux condenser 
fitted with a drying tube. After heating for twenty- 
four hours, the solution was a deep orange color. 
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The excess lead tetraacetate was then titrated with 
standard sodium thiosulfate according to Criegee’s 
procedure (9). Blanks were run on the reagents. 
The amount of Pb(OAc), consumed was 1.011 
moles per mole of methylated tannin, calculated on 
the basis of the empirical formula CyoHwO( OCH, )s. 
Again at the end of the titration an orange precipi- 
tate was present in each reaction mixture. 


SUMMARY 


Although the aqueous extraction method re- 
sulted in a lighter colored, more water-soluble 
tannin, a larger volume of water was required for 
the extraction as compared to the amount of al- 
cohol required. Furthermore, upon purification 
of the crude tannin extracted by water, a lower 
percentage of purified tannin resulted. 

Upon methylation of the purified tannin with 
diazomethane, a methylated tannin was ob- 
tained which was in agreement with the empirical 
formula CypHwO. When this methyl- 
ated tannin was subjected to oxidative cleavage 
with sodium metaperiodate, 1.003 moles of NalO, 
was consumed per mole of methylated tannin. 

In order to support the sodium metaperiodate 
glycol cleavage of the methylated tannin, lead 
tetraacetate oxidative cleavage reactions were 
conducted on this derivative. Titrations indi- 
cated that 1.011 moles of lead tetraacetate was 
consumed per mole of the methylated tannin. 

These positive quantitative glycol cleavage 
reactions support the suggestion that an alpha- 
glycol linkage exists within the natural phlobatan- 
nin molecule of Pinus caribaea, Morelet. 
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Protective Effect of Liver Residue on Immature 
Male Rats Fed Toxic Doses of Acetylsalicylic Acid* 


By B. H. ERSHOFF, H. B. McWILLIAMS, and E. W. THURSTON 


Administration of water-insoluble liver residue largely counteracted the growth 

retardation and reduction in thymus, prostate, and seminal vesicle weight of im- 

mature male rats fed toxic doses of acetylsalicylic acid. The protective factor(s) 

was distinct from any of the known B vitamins and was not present in significant 
amounts in purified casein. 


Fr IS BECOMING increasingly apparent that the 
effects obtained in an experimental animal 
following administration of drugs or related prod- 
ucts are dependent on the nutritional state and 
the diets employed. In acute deficiencies of es- 
sential nutrients it is readily recognized that re- 
sulting abnormalities in cellular metabolism may 
profoundly affect response to certain drugs. 
What is less well recognized, however, is that 
drugs themselves may precipitate a deficiency 
state. Thyroid administration, for example, 


may induce a deficiency of thiamine, pyridoxine, 


pantothenic acid (1, 2), and vitamin By (3-5); 
while dicumarol, salicylates, and other drugs may 
precipitate a deficiency of vitamin K (6-8). Ad- 
ditional examples have been cited in a recent re- 
view 

In addition to the known nutrients, require- 
ments for various unknown factors may also be 
increased following the administration of certain 
drugs. These “minor vitamins’ are apparently 
dispensable under normal conditions, or require- 
ments for them are so small that they may readily 
be met by amounts present in the diet, or through 
the synthetic activity of the intestinal flora, or 
the animals’ own tissues. Following drug ad- 
ministration, however, requirements for these 
substances may be increased to the extent that 
deficiencies occur, manifested by retarded growth 
or tissue pathology and preventable by the ad- 
ministration in appropriate amounts of the miss- 
ing nutrient (9, 10). Liver residue is a potent 
source of one or more of such nutrients.'. Thus 
this liver fraction has been shown to counteract 
(at least in part) the deleterious effects of toxic 
doses of the following drugs: desiccated thyroid 
(11, 12), thyroxin, thyroglobulin, iodinated 


* Received August 21, 1953, from the Emory W. Thurston 
Laboratories, Los Angeles, Calif., and the partment of 
Biochemistry and Nutrition, University of Southern Cali- 
fornia, Los Angeles 

Presented to the Scientific Section, A. Pu. A., Salt Lake 
City meeting, August, 1953 

Communication 349 from the Department of Biochemistry 
and Nutrition, University of Southern California 

This investigation was supported in part by a grant from 
Merck & Co, Rahway, N 

' This fraction of liver consists of the coagulated, water- 
insoluble material remaining after the removal of the extract 
able water-soluble substances 
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casein (13), Atabrine (14, 15), Promin (16), 
cortisone acetate (17), and succinylsulfathiazole 
(18). In the present communication, data are 
presented indicating that liver residue will also 
counteract (in part) the toxic effects of massive 
doses of acetylsalicylic acid in the rat. 


PROCEDURE AND RESULTS 


The basal ration employed in the present experi- 
ment consisted of sucrose, 60.5%; casein,? 24%; 
salt mixture? 59%; cottonseed oil,‘ 8°; wheat 
germ oil,° 2°%; acetylsalicylic acid,* 0.5%; and the 
following synthetic vitamins per kilogram of diet: 
thiamine hydrochloride, 20 mg.; riboflavin, 20 mg.; 
pyridoxine hydrochloride, 20 mg.; calcium panto- 
thenate, 60 mg.; nicotinic acid, 60 mg.; ascorbic 
acid, 200 mg.; 2-methyl-naphthoquinone, 10 mg.; 
and choline chloride, 2 Gm. To each kilogram of 
diet were also added 4,000 U.S. P. units of vitamin 
A’ and 400 U. S. P. units of vitamin D.* The 
vitamins were added in place of an equal amount of 
sucrose. In addition to the basal ration the follow- 
ing diets were also employed: (a) basal ration plus 
the following additional vitamin supplements per 
kilogram of diet: thiamine hydrochloride, 20 mg.; 
riboflavin, 20 mg.; pyridoxine hydrochloride, 20 
mg.; calcium pantothenate, 60 mg.; nicotinic acid, 
60 mg.; biotin, 5 mg.; folic acid, 10 mg.; p-amino- 
benzoic acid, 400 mg.; inositol, 800 mg.; and 
vitamin By, 150 micrograms; (5) basal ration plus 
10% whole liver powder (c) basal ration plus 10% 
extracted liver residue;'® and (d) basal ration plus 
2.5% liver concentrate powder.'' The vitamin 
supplements and liver fractions were added in place 
of an equal amount of sucrose. In addition to the 
above diets, a control ration was also tested, which 
consisted of the basal ration with acetylsalicylic 
acid omitted and replaced by an equal amount of 
sucrose. 


* Vitamin-free Test Casein, General Biochemicals, Inc., 
Chagrin Falls, Ohio 

* Hubbel, Mendel and Wakeman Salt Mixture, General 
Biochemicals, Inc., Chagrin Falls, Ohio 

« Wesson 

* VioBin 

* Acid Acetylsalicylic U. S. P. XIV Powder, Mallinckrodt. 

? Crystalets, Chas. Pfizer & Co., New York 

* Hy-Dee Powder, Standard Brands, New York. 

* Desiccated Liver N. F., Armour Laboratories, Chicago 


'* Extracted Liver Residue, Wilson Laboratories, Chicago, 
" 


Liver Concentrate Powder N. F., Armour Laboratories, 


Chicago, I 
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Seventy-two male rats of the Long-Evans strain 
were selected at twenty-one to twenty-three days 
of age and at an average weight of 43.5 Gm. for 
the present experiment. The animals were placed 
in metal cages with raised screen bottoms, to pre- 
vent access to feces, and were fed the various diets 
ad libitum (12 animals per group). The diets 
were made up weekly and stored under refrigeration 
when not in use and the animals were fed on alter- 
nate days. All food not consumed forty-eight 
hours after feeding was discarded. These measures 
were employed to minimize oxidative changes in 
the diet. Feeding was continued for sixty days or 
until death, whichever occurred sooner. The 
animals were autopsied after sixty days of feeding, 
and organ weights determined. 

The results are summarized in Table I. The 
data were computed on the basis of the top ten 
animals in each group to minimize variations in 
average due to infection and atypical responses on 
the part of individual rats. Findings indicate that 
the effects of acetylsalicylic acid administration in 

E the immature male rat are dependent on the diet 

or employed. Rats fed the purified basal ration 
(which contained 0.5% acetylsalicylic acid) ex- 

hibited a significant retardation in growth and a 

a reduction (both absolute and relative) in thymus, 
prostate, and seminal vesicle weights as compared 

to that observed in rats fed the same diet with 

acetylsalicylic acid omitted. These effects were 

largely counteracted by the administration of 

extracted liver residue and to a smaller extent by 

whole liver powder and liver concentrate. Supple- 

ments of the known B vitamins, however, had little, 

if any, effect. Both kidney and adrenal weights 

were increased when expressed in terms of milli- 

grams per 100 Gm. body weight in all rats fed 

= « acetylsalicylic acid. Differences between the vari- 
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‘ 
averages ranged from 3.8 to 4.6% for the various #5 225 
groups); the per cent solids in the liver averaged 
a approximately 30% (group averages ranged from 


29.4 to 30.5%). The fat content of the liver for the 
various groups averaged from 8.0 to 11.1%; these 
differences were not statistically significant. 

Subsequent experiments were conducted in which 
the gain in body weight of immature male rats fed 
the basal ration (containing 0.5° acetylsalicylic 
acid) was contrasted to that obtained in rats fed a 
similar diet supplemented with an additional 7% 
casein (added in place of an equal amount of 
sucrose). No significant difference between the two 
groups was noted over a sixty-day period. It 
would appear, therefore, that the protective effect 
of the liver residuc-containing diet was not due to 
its higher content of protein per se. 

In contrast to the findings in male rats, the follow- 
ing data indicate that liver residue had little, if any, 
protective effect in female rats fed toxic doses of 
acetylsalicylic acid. Thirty female rats of the Long- 
“hk Evans strain were selected at 40-50 Gm. in weight 
, and were fed the following diets (10 animals per 
group): (a) basal ration; (6) basal ration plus 10% 
liver residue; and (c) basal ration with acetyl- 
salicylic acid omitted. After six weeks of feeding, 
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the average body weight for the three groups was 
as follows: basal ration, 141 Gm.; basal ration plus 
liver residue, 155 Gm.; and basal ration with acetyl- 
salicylic acid omitted, 183 Gm. Nine out of the 10 
rats in each group receiving acetylsalicylic acid and 
all control rats survived the six-week feeding period. 
The cause for the apparent sex difference is not 
readily apparent. 

During the fourth week of fee<'ng, total and dif- 
ferential white cell counts and total red cell counts 
were made on the tail blood of six male rats in both 
the basal ration and the basal ration without acetyl- 
salicylic acid groups. Blood specimens were ob- 
tained after total body heating as previously de- 
scribed (19). The available data indicate that pro- 
longed administration of ACTH (20) or cortisone 
acetate (17) causes a reversal in the differential 
count of the rat. Inasmuch as acetylsalicylic acid 
has been reported to stimulate pituitary-adrenal 
function (21, 22), changes in the leucocyte count 
were anticipated in rats fed acetylsalicylic acid in 
the present experiment comparable to tho: -bserved 
in animals administered ACTH or cortisone acetate. 
Such changes were not observed. No reversal in 
the differential count occurred in rats fed acetyl- 
salicylic acid. The blood picture of rats fed the 
basal ration did not differ significantly from that of 
rats fed a similar diet with acetylsalicylic acid 
omitted. Findings in the two groups were, respec- 
tively, as follows: R. B. C., 5.8 million per mm.! 
and 5.3 million per mm.*; total W. B. C., 7,500 per 
mm. and 7, 180 per mm.*; per cent granulocytes, 
25% and 27%; and lymphocytes per mm.*, 5,600 
and 5,200. It is apparent that the blood picture 
did not indicate adrenocortical hyperactivity as 
judged by the hematological changes following pro- 
longed ACTH or cortisone acetate administration. 


DISCUSSION 


Present findings indicate that the administration 
of water-insoluble liver residue largely counteracted 
the growth retardation and the reduction in thymus, 
prostate, and seminal vesicle weight of immature 
male rats fed toxic doses of acetylsalicylic acid. 
The protective factor was apparently distinct from 
any of the known B vitamins and was not present 
in significant amounts in purified casein. The data 
available do not indicate whether the protective 
effect of liver residue was due to an unidentified 
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factor (or factors) or to its content of other known 
nutrients. Since liver residue has also been found 
to contain a factor (or factors) distinct from any of 
the known B vitamins which counteracted the toxic 
effects of desiccated thyroid (11, 12), thyroxin, 
thyroglobulin, iodinated casein (13), Atabrine (14, 
15), Promin (16), and cortisone acetate (17) ad- 
ministration in the rat, it is not unlikely that the 
protective effect in the present experiment was due 
to the same factor (or factors) which protected rats 
fed toxic doses of the drugs indicated above. 


SUMMARY 


1. Water-insoluble liver residue largely coun- 
teracted the growth retardation and reduction in 
thymus, prostate, and seminal vesicle weight of 
immature male rats fed toxic doses of acetylsali- 
cylic acid. 

2. The protective factor (s) was distinct from 
any of the known B vitamins and was not present 
in significant amounts in purified casein. 
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Stability of Some Bactericidal Chlorine-Liberating 
Compounds in Special Ointment Bases* 


By ABRAHAM TAUB,+ FANCHON HART,{ and STANLEY KASSIMIR§ 


A comparison is made of the stability of three chlorine-liberating compounds: 
dichloramine-T, chloroazodin, and trichloromelamine, in four anhydrous ointment 
vehicles of relatively nonreactive character—white petrolatum, a silicone gel, a 
halogenated hydrocarbon, and a mineral oil gelled by polyethylene. Two dis- 
persing agents—glyceryl triacetate and poipoweneree glycol 1000 dilaurate—were 
employed. When dispersed in glyceryl triacetate, chloroazodin appears most stable 
in the halogenated hydrocarbon and the gelled mineral oil bases, and only slightly 
less stable in the silicone gel. Trichloromelamine and dichloramine-T appear 
most stable in the halogenated hydrocarbon base. Of the chemically stable oint- 
ments, only those containing chloroazodin showed significant zones of inhibition 
in the filter disk method when tested ee M. pyogenes var. aureus, S. typhosa, and 
i. 


Atmovex chlorine-liberating compounds are 

generally effective antiseptics, their poor 
solubility in fatty vehicles, and their marked reac- 
tivity in the presence of moisture or most organic 
matter has limited their utilization in ointment 
form. Dichloramine-T, one of the first of the 
organic chlorine-liberating antiseptics developed, 
and more stable than the inorganic hypochlorites, 
has been utilized in ointment or topical form 
through the medium of a special solvent, chlorco- 
sane (1), a chlorinated paraffin. However, its 
shelf life has not proved serviceable and this 
solvent is no longer available. 

Chloreazodin,' which because of its lower 
oxidation potential (2) has been found to react 
more slowly with organic matter than previously 
investigated chlorine-liberating compounds (3), 
remains stable for longer periods of time. How- 
ever, its stability and bactericidal effectiveness 
in its presently available ointment form are not as 
great as when it is present in simple triacetin solu- 
tion. 

More recently a new chlorine-liberating com- 
pound of the chloramine type, trichloromela- 
mine’ has been introduced (4) as a germicidal 
rinse. It has a very high “available"’ chlorine 
content (92°) and good stability in the dry form. 
No information on its usefulness in ointments 
has been published. 

It is the purpose of the present study to deter- 
mine whether these three compounds, all con- 
taining positively charged chlorine, can be for- 
mulated into stable antiseptic ointment forms. 


* Received August 21, 1953, from Columbia University, 
College of Pharmacy, New York 

Presented to the Scientific Section, A. Pu. A., Salt Lake 
City meeting, August, 1053 

t Professor of Pharmaceutical Chemistry, Columbia 
University, College of Pharmacy 

t Professor of Biology, Columbia University, College of 
Pharmacy 

§ Assistant in Chemistry 

' Marketed by Wallace & Tiernan Products, Inc., Belle- 
ville, N. J 


METHOD 


The ointment vehicles selected represented sub- 
stances believed to be of relatively low reactivity 
toward chlorine: 

(a) Petrolatum U. S. P., superwhite, highly 
refined grade. (Penn-Drake Petroleum Products, 
Butler, Pa.) 

(b) Jelene 50 W., a bland mineral oil gelled by 
special process with polyethylene of average mol. 
wt. 1300 (5-7). (Research Products Corp., Madi- 
son, Wis.) 

(c) Silicone No. 7 Compound, a nonmelting gel 
retaining its semisolid consistency from —40 to 
200°, representing dimethyl polysiloxane fluid, a 
nontoxic silicone oil (8, 9), gelled with silica. (Dow 
Corning Corp., Midland, Mich.) 

(d) Halocarb, a nonmelting polymerized chloro- 
trifluoroethylene, average mol. wt. 900, of petro- 
leum jelly consistency. (Halocarbon Products 
Corp., North Bergen, N. J.) This is a stopcock 
lubricant, represented as being completely inert 
toward oxidizing agents. In laboratory and indus- 
trial use it has proved nonirritant to the skin, but 
no physiological study has been published on it to 
date. 

Since the chlorine-liberating compounds are not 
soluble in these ointment vehicles, it was necessary 
to find suitable solubilizing or dispersing agents of 
low reactivity toward chlorine. After screening a 
number of substances, two were selected for further 
experimentation: polyoxyethylene glycol 1000 di- 
laurate, and glyceryl triacetate. Both are relatively 
good solvents for all three compounds. Later in 
the study another solubilizing agent came to our 
attention, acetyl triethyl citrate. Though reported 
(10) as a good solvent for dichloramine-T and 
chloroazodin, it was not found in the present study 
to have any advantages over glyceryl triacetate; 
the latter was in fact the better solvent for the tri- 
chloromelamine. 

To determine whether a surface-active agent 
would increase the effectiveness of penetration in 
microbiological tests, a fitth ointment base was pre- 
pared containing 1% dioctyl sodium sulfosuccinate 
N. F. in petrolatum. 

The ointments were prepared in glass containers 
by first dispersing or dissolving the chlorine-liberat - 
ing agent in glyceryl triacetate or in melted (40°) 
polyoxyethylene dilaurate, then thoroughly mixing 
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with about 10% of the ointment vehicle followed by 
the balance of the vehicle. In all experiments 0.1% 
of chlorine-liberating agent and 1% of dispersing 
agent were employed. The ointments were stored 
in well-stoppered amber ointment jars at 25° + 
3° and at 40°. 

Ointments were assayed by dissolving 4-Gm. 
samples in 50 ml. of boiling chloroform; 50 ml. of 
distilled water, 20 ml. of glacial acetic acid, and 0.2 
Gm. potassium iodide were added in the order given. 
The liberated iodine was titrated with 0.02 N sodium 
thiosulfate after a thirty-minute storage in the 
dark with occasional agitation. Starch T. S. was 
used as indicator. 

Results for the chemical stability of the ointments 
under storage at room temperature and at 40° are 
given in Tables I, II, and III. 


Taste oF CHLOROAZODIN Dts- 
PERSED BY POLYOXYETHYLENE GLYCOL 1000 DiLaur- 
ATE IN OINTMENT Bases 


Percentage 
Decomposition 
3 6 Wks... 
Ointment Base 25° +3 40° 
Petrolatum 5.9 
Petrolatum with dioctyl 
sodium sulfosuccinate 0.4 
Silicone No. 7 Compound 5.2 
Jelene 50 W. 
Halocarb 19. 6 


Tasce oF CHLOROAZODIN DISPERSED 
BY GLYCERYL TRIACETATE IN OINTMENT BASES 


Percentage Decomposition 
5 Mo., 3 Mo., 

Ointment Base 25°23 40° 
Petrolatum 0.2 10.0 
Petrolatum with di- 

octyl sodium sulfo- 
succinate 
Silicone No. 7 Com- 
pound 0.1 4.3 
Jelene 50 W. 0 1.8 
Halocarb 0 0 


6.0 


0.2 


Taste oF TRICHLOROMELAMINE 
DISPERSED BY GLYCERYL TRIACETATE IN OINTMENT 
BASES 


Percentage Decomposition 
Mo Mo., 


Ointment Base 25° 3 40° * 40° 
Petrolatum 86.7 100.0 
Petrolatum with di- 
octyl sodium sulfo- 
succinate 

Silicone No. 7 Com- 
pound 

Jelene 50 W. 

Halocarb 


100.0 


46.9 
55.8 
1.2 


From the results it appears that with respect to 
chemical stability most of the bases would prove 
suitable for the prescription compounding of 
chloroazodin. However, for longer shelf life this 
series would not prove appropriate. A further 
check on the dispersing agent showed that when 
polyoxyethylene glycol 1000 dilaurate was used as 
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the ointment vehicle (99.9%) for the chloroazodin, 
it provided a stable base for a period of three weeks 
at room temperature, but resulted in 100% decom- 
position after six weeks at 40°. It is of interest to 
note that both dichloramine-T and _ trichloromel- 
amine in this series of bases showed 100% decom- 
position within three weeks at room temperature. 
Therefore, it was decided to limit further work in 
this study to the use of glyceryl triacetate as the 
dispersing agent since the dilaurate ester even ot a 
1% concentration had a significant deteriorating 
effect. 

No table is given for dichloramine-T since with 
the exception of Halocarb all of the ointment bases 
caused its complete decomposition after five months’ 
Storage at 25° and at 40°. Instantaneous liberation 
and complete loss of chlorine occurred when dichlor- 
amine-T was mixed with Silicone No. 7 Compound. 
Halocarb provided a fairly stable vehicle for di- 
chloramine-T, the decomposition being but 4.3% 
at 25° and 6.7% at 40° after five months’ storage. 

The results of Tables II and III indicate that the 
nature of the chlorine-liberating agent, as well as 
the vehicle, influences the rate of decomposition. 
Chloroazodin is the most stable agent, while halo- 
carb provides the most stable base. Jelene is 
almost as good, and Silicone No. 7 compound pro- 
vides nearly as stable a base for the chloroazodin. 
Trichloromelamine is stable only in halocarb. 

A further check on the dispersing agent, glyceryl 
triacetate, showed that all three chlorine-liberating 
agents are stable in this vehicle, less than 1% loss 
of chlorine occurring at 25° storage for five months. 

The above results reflect only the chemical sta- 
bility of the ointments. To determine their in 
vitro efficacy as antiseptics, zones of inhibition 
against organisms on nutrient agar plates were 
determined, using the paper disc assay procedure 
(11). Three organisms were employed: Micro- 
coccus pyogenes var. aureus M-209, Salmonella 
typhosa (Hopkins Strain), and Escherichia coli. The 
paper discs (12.7 mm.) covered with ointment 
samples were placed upon the plates containing the 
respective organisms and zones of inhibition deter- 
mined after twenty-four hours’ incubation at 37°. 
Determinations for ointments initially prepared and 
after storage periods at room temperature, and at 
40° are shown in Tables IV and V. Experimental 
results in the presence of 10% horse serum are shown 
in Table VI. Controls, containing dispersing agent, 
surface-active agent, and ointment bases, without 
the chlorine-liberating agents, exhibited no zones of 
inhibition. 

The data in the above tables are limited to chloro- 
azodin since neither trichloromelamine nor dichlor- 
amine-T exhibited zones of inhibition in any of the 
ointment bases initially. In control samples con- 
taining 0.1% of chlorine-liberating agent in pure 
glyceryl triacetate, trichloromelamine and dichlor- 
amine T gave, respectively, 8 mm. and 5 mm. 
zones of inhibition. None of the ointment bases 
tested, therefore, can be considered as suitable 
vehicles for the diffusion of these two antiseptic 
agents. 

Chloroazodin when dispersed by polyoxyethylene 
glycol 1000 dilaurate gave good initial inhibition in 
the Silicone, Jelene and Halocarb bases, but showed 
reduction or loss of activity on storage, paralleling 
the chemical stability results. 
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Tasie LV.—Zones or CHLoRoAzODIN DISPERSED BY POLYOXYETHYLENE 1000 
tN OINTMENT Bases 
Ointment Bases (Width of Zone in Mm.) 
Petrolatum Silicone 
and S. A. No.7 Jelene 
Organism Storage Petrolatum Agent Compound Ww Halocarh 
M. aureus Initial 0 0 6 5 6 
3 mo., 25° + 3 0 0 6 4 8 
6 wks., 40° 0 0 0 2 ff) 
S. typhosa Initial 0 0 8 4 17 
3 mo., 25° + 3 0 0 7 4 16 
6 wks., 40° 0 0 0 2 5 
E. coli Initial 0 0 ; 2 5 
3 mo., 25° + 3 0 0 j 2 0 
6 wks., 40° 0 0 ) 1 0 
Taste V.--Zones or CHLOROAZODIN DispeRsSED BY GLYCERYL TRIACETATE IN OINTMENT 
Bases 
_— ~—Ointment Bases (Width of Zone in Mm ) 
Petrolatum Silicone 
and S.A No.7 Jelene 
Organism Storage Petrolatum Agent Compound OW Halocarb 
M. aureus Initial 0 2 5 3 11 
5 mo., 25° + 3 0 2 5 3 10 
3 mo., 40° 0 2 5 3 12 
5 mo., 40° 0 l 5 3 8 
S. typhosa Initial 0 8 8 
5 mo., 25° + 3 0 q 7 3 10 
3 mo., 40° 0 q 7 4 7 
5 mo., 40° 0 2 6 4 8 
E. coli Initial 0 1 3 2 4 
5 mo., 25° + 3 0 1 4 2 2 
3 mo., 40° 0 0 4 2 4 
5 mo., 40° 0 0 4 2 4 
Taste VI.—Zones or IN Presence oF SeruM: CHLOROAZODIN DisPpERSED BY GLYCERYL 
TRIACETATE IN OINTMENT 
~—Ointment Bases (Width of Zone in Mm.) 
Petrolatum Silicone 
and S. A. No. 7 Jelene 
Organism Storage Petrolatum Agent Compound 5jOW Halocarb 
M. aureus Initial 0 0 2 2 3 
5 mo., 25° + 3 0 0 1 1 2 
5 mo., 40° 0 0 1 1 1 
S. typhosa Initial 0 1 2 2 5 
5 mo., 25° + 3 0 1 1 1 2 
5 mo., 40° 0 0 1 1 2 
E. coli Initial 0 2 2 2 2 
5 mo, 25° + 3 0 2 2 2 2 
5 mo., 40° 0 2 1 p 


With glyceryl triacetate as the dispersing agent, 
zones of inhibition were maintained on storage in 
the above three bases. There was a slight inhibition 
in petrolatum containing dioctyl sodium sulfosuc- 
cinate as a surface-active agent. Petrolatum with- 
out this agent did not permit a satisfactory diffusion 
of the chlorine liberating agent even in the presence 
of glyceryl! triacetate 

The antiseptic activity of chlorine is known to be 
reduced in the presence of much organic matter 
This is borne out by the results in the presence of 
10% horse serum (Table VI). Halocarb appears to 
be slightly superior to Silicone and Jelene, while all 
three retain a slight activity upon storage. 


The relatively small zones of inhibition reported in 
these tables may be attributed to the low concentra- 
tion of active agent, 1: 1,000, a concentration which, 
however, was selected to avoid irritation on topical 
application. 


CONCLUSIONS 


1. Of three organic chlorine-liberating antisep- 
tics tested, only chloroazodin maintains its effec- 
tiveness in ointment form. 

2. A dispersing agent, glyceryl triacetate, is 
required to permit uniform diffusion of the active 
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agent the ointment 
vehicle. 

3. Halocarb, silicone no. 7 compound, and 
Jelene 50 W appear to provide stable ointment 
vehicles for chloroazodin since the antiseptic 
properties of the latter are maintained during 
accelerated storage periods of five months at 
40°. The presence of considerable organic matter 
reduces but does not vitiate this activity. 

4. Petrolatum does not appear to be a suitable 
vehicle for chloroazodin. 


throughout anhydrous 
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The Preparation and Evaluation of Tangerine Peel 
Tincture and Tangerine Syrup* 


By WILLIAM J. SHEFFIELD? and HERMAN O. THOMPSON} 


A tangerine age tincture was 
fresh fruit. t 


maceration of the whole peel from the 


pre 
n the determination of the oil content of the tinctures, an adaption of 


the A. O. A. C. precipitation method appeared to have a greater general accuracy 


than the 
using light 
cate 


larization method 


A tangerine syrup was pre 
magnesium carbonate as the filtering agent. 
that tangerine syrup compared favorably in taste preference with five other 


from the tincture, 
Organoleptic tests indi- 


vehicles which had ranked high in taste preference tests conducted by other work- 
ers. Tangerine —_— = appeared to have a high value in ae the salty 


taste of ammonium c 


oride and a mediocre value in disguising t 


bitter taste of 


quinine hydrochloride. 


T= TANGERINE is a variety of the king orange, 
Citrus nobilis, which was first introduced into 
California from China in 1880 (1) and later into 
Florida. The fruit of the king orange has a poor 
appearance and has never been popular, but the 
popularity of the reddish-orange tangerine, var. 
deliciosa, has increased steadily through the 
years. In Florida, two to six million boxes of 
tangerines are produced annually. As much as 
one-third of the crop cannot be shipped because 
of the restriction on size and grade (2), therefore 
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availability of the fruit for by-product outlets is 
assured. 


Tangerine oil is recovered commercially and is 
sold in a limited market. It has a sweet, distine- 
tive flavor and is well adapted for use in beverages 
and confections. It is used to some extent in Eau 
de Cologne. Analysis of Florida machine-pressed 
tangerine oils during the 1946 season varied 
within the following limits: sp. gr., 0.850 to 
0.856; fa] 8°, 91 to 95 degrees; nm *8°, 1.4730 to 
1.4743; aldehydes as decyl aldehyde, 0.6 to 0.0 
per cent (3). The high optical rotation is evi- 
dently caused by the lower content of /-limonene, 
as Nelson (4) found that d-limonene was present 
in amounts as high as 95 per cent. He also 
found small amounts of octyl aldehyde, linalool, 
citronellol, citral, and sesquiterpenes. The ester 
content was low and no methyl anthranilate was 
detected. 


EXPERIMENTAL 
Preparation of Tangerine Peel Tincture. Nine 


samples of tangerine peel tinctures were prepared by 
a method similar to that of making sweet orange 
peel tincture, U. S. P. XIV (5). The first tincture 
(A) was made using the freshly grated outer peel 
and was macerated, with frequent shaking, for five 
days. It proved difficult to grate the outer peel, 
because of its thinness and loose attachment to the 
pulp. Inasmuch as the peel is easily removed and 
does not contain a bitter inner rind, grating of the 
outer peel did not appear feasible. Therefore, 
seven other tinctures were prepared by maceration 
of the whole peel which was broken up into small 
pieces. All tinctures were kept in tightly stoppered 
flasks at room temperature, in the dark, and were 
shaken twice a day for three minutes in a mechanical 
shaker. Tincture No. | was macerated for one day; 
No. 2 for two days; No. 3 for three days; No. 4 
for four days; No. 5 for five days; No. 6 for seven 
days, and No. 7 for nine days. Tincture No. 8 
was prepared in the same manner but was macer- 
ated for one year with only occasional shaking 
After filtering, all the tinctures were a_ brilliant 
orange color and had a characteristic tangerine 
odor. 

In order to ascertain the optimum length of 
maceration time, the oil content of each of the 
sample tinctures was determined. For this pur- 
pose, two methods, official in Official and Tentative 
Methods of Analysis of the Association of Official 
Agricultural Chemists, were used and proved satis- 
factory when modified for tangerine oil. The 
precipitation method (6) was followed as given 
except for the correction used to compensate for the 
solubility of the oil. To determine the solubility 
correction for tangerine oil, known percentage 
strength tinctures were made using tangerine oil' 
and alcohol. Ten tinctures ranging in oil content 
from 0.5 to 5.0% v/v were used. A series of eight 
samples of the same sirength was run simultane- 
ously, and the percentage value shown by the 
majority of the samples was used as the final per- 
centage of the oil present 

In the polarization method (6), a new constant 
suitable for tangerine oil had to be determined 
Five tinctures of known oil percentage were pre- 
pared containing 0.5°%, 1.0°, 1.5%, 2.0% of tan- 
gerine oil by volume. The specific rotation was 
determined for each sample, and the angular rota- 
tion converted to degrees Ventzke. The constant 
for tangerine oil was obtained by dividing the 
degrees Ventzke by the known percentage of oil 
The results obtained by both methods are shown in 
Table I 

The solubility correction factor of tangerine oil in 
the precipitation method was 0.3% for tinctures 
containing more than 1.0% of oil and 0.2% for 
those containing less than 1.0°% of oil. The con- 
stant necessary for tangerine oil in the polarization 
method was 4.80. 

The oil content of all tinctures prepared by mac- 
eration was then determined by the precipitation 
and/or polarization methods. Results of these 
determinations are shown in Table II 

The two methods agreed quite closely in most 
instances, although the results obtained for the 


' Tangerine oi) furnished by Warren E. Burns, Inc., Chi- 
cago, Il 
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Taste OF CorRECTION Fac- 
TORS AND THE CONSTANT FOR TANGERINE OIL IN 
ASSAY OF TANGERINE Peet TINCTURE 


Deter 
mined Solubility Degrees Constant 
Known PerCentof Correc Ventzke for Tan. 
Per Cent Oil by Pre tion by Polariza gerine 
of O’ cipitation Factor tien oi 
5.0 470 0.30 
4.5 4.20 0 30 
1.0 3.70 0.30 
3.5 3.20 0.30 
3.0 2.70 0.30 a 
2.5 2.20 0.30 11.77 4.71 
2.0 1.70 0.30 9.39 4.70 
1.5 1.20 0.30 7.10 4.73 
1.0 0.70 0.30 4.85 4.85 
0.5 0.30 0.20 2.51 5.02 
Average 4.80 


II.—-Assay OF TANGERINE Peet TINCTURES 
CONTENT 


Percentage of Percentage of Percentage 


Maceration Oil Found by Oi! Found by Difference 
Time in Precipitation Polarization in Oi 
Days Method Method* Content 
l 1.60 1.64 0.04 
2 1.70 1.66 0.04 
3 1.89 1.89 0.00 
4 1.90 1.92 0.02 
5 1.71 1.90 0.19 
7 1.95 1.92 0.03 
1.85 1.66 0.19 
364 2.00 0.79 1.21 
5 2.80 


* The constant 4.9 was used to determine these results 
as it gave figures more comparable to the results of the 
precipitation method than did the actually determined 


* Tincture A prepared from grated outer peel 


tinctures with a maceration time of five and nine 
days showed an unusual and unexplained variation. 
The results also varied widely on the tincture which 
had a maceration time of one year. However, this 
could be explained by the findings of Netz (7) who 
stated that the specific rotation of lemon extract 
varied between different samples of the same kind 
of oil, and also that it decreased markedly as the 
age of the oil increased. The polarization method, 
therefore, would appear to be satisfactory only for 
tinctures of recent manufacture, while the precipita- 
tion method would be preferable for general use 
because of its greater overall accuracy. 

Table II shows that, after three days, the length 
of maceration time of the whole peel did not ap- 
preciably change the oil content of the tincture. 
The tincture prepared by maceration of the grated 
outer peel contained the largest percentage of oil. 
However, this advantage would not seem to out- 
weigh greatly the difficulty presented in its prepara- 
tion 

The alcohol determination of tangerine peel tinc- 
ture was carried out in essentially the same manner 
as given in Woodman's Food Analysis (8) except 
that a 25-cc. sample was used and the per cent of 
alcohol by volume was multiplied by 4 to obtain 
the percentage of the original tincture. 

The alcohol content of the seven tinctures with 
maceration periods of one through nine days showed 


iv 
1x2 
Wie 
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a range of 68.20 to 69.72%. The optimum macera- 
tion period of three days yielded a tincture which 
contained 68.56% alcohol 

Preparation of Tangerine Syrup. Three different 
samples of tangerine syrup were prepared by the 
same method as that used in the preparation of 
orange syrup, U.S. P. XIV (9). The only change 
made was in the amount of tincture used. Syrup 
A contained 5) cc., syrup B 100 ce, and syrup C 
15) cc. of tangerine peel tincture. Syrup A had a 
delicate but characteristic odor and flavor and was 
nearly colorless. Syrup 5 was a light yellow color 
with the tangerine odor and flavor more pro- 
nounced. The color of syrup C was slightly deeper 
than that of syrup B, but the flavor was strong and 
left a rather disagreeable aftertaste. Therefore, 
100 cc. of tangerine peel tincture per 1,000 cc. of 
syrup was used in the experimental vehicle, and, due 
to the slightly decreased solubility, 800 Gm. of 
sucrose. 

The question arose as to the efficacy of tale as 
the filtering agent in this preparation. In filtering 
the aqueous-alcoholic solution, a considerable 
amount of coloring matter was removed from the 
tincture by talc, and it was necessary to return 
several portions of the filtrate through the filter 
before the solution filtered clear. It was desirable 
to reduce the filtration time of such an aromatic 
solution and also to retain as much of the color as 
possible. Therefore, filtration tests were conducted 
in which six different agents were used and their 
efficiency compared. The results of these tests 
are shown in Table III. 

The volume of solution filtered with each filtering 
agent was the amount necessary to make 1,000 cc. 
of the finished syrup or 450 cc. Different amounts 
of each agent were first tested, and the number of 
grams shown in Table III represented the least 
amount which was most efficient as a filtering aid. 
In some cases the use of a larger amount of the 
filtering agent increased its filtering efficiency with 
respect to clarity of the filtrate but decreased its 
value with respect to bulk, absorption of solution, 
length of filtration time, and absorption of color. 

In the filtration tests the citric acid was triturated 
with the tincture and filtering agent, water was 
added slowly with continued trituration, and the 
suspension filtered through a dry, plaited filter 


IIT.--Tue Errrcrency or Fricrerine Ac 


Amount of 
Filtering 
Filtering Agent 
Talc* 
Calcium phosphate? 
(dibasic ) 
Magnesium carbonate* 
(light) 
Magnesium carbonate* 
(heavy ) 
Pulped filter paper* 
Infusorial earth’ 
(purified ) 


25 


25 
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Filtration 
Time, 


paper. Table III shows that reactions occurred 
between some of the filtering agents and the citric 
acid and produced increased pH values of the solu- 
tions. As the palatability and disguising value of 
the syrup were enhanced by the tangy, acidulous 
taste, it was necessary to change the filtration pro- 
cedure in order to preserve the definite acid pH of 
the desired product. This was accomplished when 
the addition of the citric acid was made after the 
solution had been filtered clear. This procedure 
produced solutions with a pH comparable to that 
of the solution filtered with talc. 

With respect to the amount of material used, the 
length of time of filtration, the pH of the final 
product, and the satisfactory color of the syrup, 
light magnesium carbonate was the filtering agent of 
choice, with the provision that the addition of the 
citric acid be made after the aqueous-alcoholic solu- 
tion had been filtered clear. The alcoholic content 
of this syrup was 6.12°% by volume, and the specific 
gravity was 1.280 at 25°. 

pH determinations of tangerine syrups prepared 
with talc, calcium phosphate, and magnesium car- 
bonate as the filtering agents showed no significant 
changes after eight months’ storage in clear glass 
containers, at room temperature, and in the presence 
of light. Deterioration of these syrups after this 
length of time was very slight. There was some loss 
of color, slight evidence of bacterial or mold growth, 
and though the syrups were still palatable, there was 
a slight disagreeable aftertaste. 

Organoleptic Tests.In order to evaluate tan- 
gerine syrup in terms of palatability alone, organo- 
leptic tests were conducted in which the flavor 
preference of tangerine syrup and five other flavor- 
ing syrups was determined. The tests were con- 
ducted in the same manner as that developed by 
Wright (10). Thirty subjects participated in each 
test and 75 different subjects took part in all the 
tests. Because Purdum (11) found that the taste 
of some full-strength syrups persisted even after 
several washings with distilled water, all vehicular 
solutions contained 10% by volume of the syrup in 
distilled water. 

Since a total of 6 syrups was used, there were 15 
different combinations of 4 which had to be tested 
in order to compare each syrup with every other 
syrup. The results were expressed as a percentage 


pH of 
Solution 
(Citric Acid 
Added after 
Filtration) 
2.75 


71 
25 2.58 
5O 2. 


Solution 
Filtered 
with Citric 

Min Acid 
60 2 
30 3 
7 
4 


20 


30 55 


60 63 


e 100-cc_ portions of filtrate returned through filter six or seven times. 


 Piltrate clear after a few cc 
© Filtrate clear immediately 


4 100-ce_ portions of filtrate returned through filter three times. 


* Did not filter clear 
/ Filtrate clear after first few cc. 


|| 
iN THE PREPARATION OF TANGERINE SYRUP 
pu of 
Final 
Syrup 
2.75 
2.61 
2.58 
2.77 2.79 
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Taste IV.—Tasre Prererence or Six Syrups Taste V.—-CONCENTRATION OF AMMONTUM CHLO}- 
Tesrep tn Sers or Four RIDE AND QUININE HYDROCHLORIDE IN WATER AND 
tN 10° V/V TANGERINE 
Mean 
: Per Cent Normality Normality 
Vehicle Preference Normality of Am Normality of Quinine 
‘rsp x “ of Am monium of Quinine Hydro 
Or ange syrup (U.S, P. Tube monium Chloride in Hydro chloride in 
Tangerine syrup Num. Chioride in Vehicular’ chioride in Vehicular 
Raspberry syrup* 52 ber Water Solution Water Solution 
Cacao syrup (N. F. VIII) 45 1 0.0044 0.0067 0.000022 0.000075 
Cinnamon syrup (N F VIII) 42 2 0. 0067 Tm 0.000083 0.00011 
Cherry syrup (N. F. VIII) 38 , 0.010 0.015 0.000050 0.00017 
4 0.015 0.022 0.000075 0.00025 
“ Prepared by NF VIEL method from the juice of canned 5 0 022 0.083 0.00011 0 00088 
raspberries oe 
6 0.033 0.050 


of a perfect first choice, and the average per cent 
score for each syrup is shown in Table IV. 

The results in Table IV indicated that tangerine 
syrup was of promise with respect to flavor alone 
because it was second in taste preference in a group 
of vehicles, four of which were rated as the most 
preferred by Wright (10) 

The value of tangerine syrup as a disguising 
agent for drugs was determined by duplicating the 
procedure of Purdum (11), which does not take into 
consideration the palatability of the vehicle but is 
an accurate estimation of its disguising properties. 
The threshold taste for the drug in an aqueous 
solution is compared with the threshold taste for the 
drug in a solution of the vehicle. The difference 
between the two thresholds is expressed numerically 
as the disguising potential of the vehicle for the 
drug used. Generally, in a group of vehicles, the 
higher the mean disguising potential, the greater 
the disguising value for the drug used. 

Ammonium chloride was used as a drug having a 
salty taste, and quinine hydrochloride as a drug 
having a bitter taste. The concentrations of both 
drugs in water and in the vehicles are shown in 
Table V. 

The normality of ammonium chloride in the 10° 
v/v tangerine syrup was of higher concentration 
than the corresponding aqueous solution. The 
purpose of this was to reduce the number of solu- 
tions necessary for the test. When the results were 
calculated, the number recorded as the threshold in 
the vehicular solutions was increased by one. In 
the case of quinine hydrochloride, tube No. 1 of the 
vehicular solutions corresponds to tube No. 4 of 
the aqueous solutions. When the results of tnis 
test were calculated, the number recorded as the 
threshold in the vehicular solution was increased by 
3. 


Taare VI 
Mean 
Threshold 
in Water 
+ Standard 
Error, 
Vehicle m te 
Tangerine syrup 3.33 40.17 
Glycyrrhiza syrup 3.56 + 0.22 


17 Vehicles in order of 
decreasing Mean Dis- 
guising Potentials’ 
Syrup (simple) 0.26 


prepared cacao, N 
matic elixir 


Am™ontum CHLoripe Discursinc Erricacy oF TANGERINE SyruP* 


* Table reproduced from Purdum (11) with the addition of the values for tangerine syrup 


0.00017 0.00056 


The disguising potentials of tangerine syrup for 
ammonium chloride and quinine hydrochloride ap- 
pear in decreasing order in Tables VI and VII, 
respectively. 

The mean disguising potential of tangerine syrup 
for ammonium chloride was greater than any of 
the other vehicles in Table VI and appears at the 
top of the list. This does not necessarily mean that 
tangerine syrup is the best vehicle for disguising 
the salty taste of ammonium chloride, for it has 
been shown that there is no difference in the dis- 
guising ability of glycyrrhiza, raspberry, orange 
flowers, citric acid, and tolu balsam syrups for am- 
monium chloride (11). Tangerine syrup, however, 
is equally as efficient as any of these five. 

The disguising potential of tangerine syrup for 
the bitter taste of quinine hydrochloride places it 
sixth in Table VII, which indicates that it has a 
mediocre value as a disguising agent for bitter 
tasting substances (11), although it is preferable 
to the last 13 vehicles listed in Table VII. 


CONCLUSIONS 


(1) A satisfactory method for the preparation 
of tangerine peel tincture by maceration of the 
whole peel has been devised. 

(2) The precipitation method, adapted for 
the assay of tangerine peel tincture for its oil 
content, is recommended because of its greater 
general accuracy. The polarization method is 
satisfactory only when the tincture has been 
freshly prepared. 

(3) A satisfactory method for the preparation 
of tangerine syrup has been devised. 


Mean Mean Signifi 


Threshold Disguising cance of 

in Vehicle Potential Difference, 

+ Standard + Standard ™ — me 

Error, Error, 2 

m + D+te 
5.56+0.18 2.23 + 0.12 9.02 
5.72 40.29 2.16+0.24 5.97 
5.15 + 0.23 1.00 + 0.17 2.92 


F. VI, thyme, wild cherry, cinnamon, althea, elixir of glycyrrhiza, compound syrup of sarsaparilla, and aro- 


| 
j 
sspberry, orange flowers, citric acid, tolu balsam, acacia, orange, aromatic eriodictyon, cherry, cocoa, N. F_ V 
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VII. 


Vehicle 

Prepared cacao syrup 
(N. F. VI) 

3 Vehicles*® 
Thyme syrup 
Tangerine syrup 
Glycyrrhiza elixir 
14 Vehicles* 
Aromatic elixir 


+ 0. 


67 +0 
2.70+0 

.43 +0.2 

38 + 0 


s Syrup of glycyrrhiza, cocoa, N 


Screntivic Epirion 


DiscursinG Erricacy or TANGERINE 


Mean 
Threshold 
in Vehicle 
+ Standard 

Error, 

ma > 


17+ 0.40 


Mean 
Disguising 
Potential 
+ Standard 
Error, 
Dare 


67 + 0.26 


Sigaifi 
cance of 
Difference, 
mm 

ve + 


9.18 


7.40 + 0.27 73 + 0.25 10.60 


13 +0.13 
93 + 0.42 


43 + 0.16 19.05 
20 + 0.34 6.52 


97 + 0.32 59 40.17 3.88 


* Table reproduced from Purdum (11) except for the insertion of the values obtained for tangerine syrup 
V. aromatic eriodictyon 


© Syrup of tolu balsam, compound sarsaparilla, raspberry, cherry, cinnamon, citric acid, althea, wild cherry, simple, acacia, 


orange flowers, simple orange 


(4) Tests with six different filtering aids in- 
dicated that light magnesium carbonate was the 
filtering agent of choice in the preparation of 
tangerine syrup. 

(5) Organoleptic tests conducted with tanger- 
ine syrup indicated that it compares favorably in 
taste preference with five vehicles which ranked 
high in taste preference tests conducted by other 
workers. 

(6) It has been shown that tangerine syrup 
has a high value for disguising the salty taste of 
ammonium chloride and a mediocre value for dis- 
guising the bitter taste of quinine hydrochloride. 
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Comparative Studies on the Toxicity of Washed 
Cells of Bacillus megaterium and Brewers’ Yeast* 


By ANTHONY M. AMBROSE and FLOYD DeEDS 


Data are given on the continued oral ingestion of dried cells of Bacillus megaterium 


and brewers’ yeast by rats for four hundred 


days. No toxic effects were observed 


in rats ingesting diets containing up to 20 per cent of B. megaterium or brewers’ 


yeast as judged by 


growth response, hemoglobin values, organ weights, and histo- 


logical examination of the visceral organs. 


T= DRIED WASHED CELLS of Bacillus mega- 
terium are used commercially as feed supple- 
ments for the purpose of supplying cobalamin 
(vitamin By, complex). This supplement need 


* Received August 18, 1953, from the Pharmacology 
Division, Western Regional Research Laboratory, Bureau of 
Agricultural and Industrial Chemistry, Agricultural Research 
Administration, U. S. Department of Agriculture, Albany 6, 
Calif 

The authors are indebted to J. M. Sudarsky of the Pacific 
Veast Products Co., Wasco, Calif., for supplying the drum- 
dried cells of Bacillus megaterium used in this study. 

Mr. Paul V. Marsh gave technical assistance with this 
study. 


be only a small portion of the ration since a kilo- 
gram of dry cells contains about 15 mg. of total 
cobalamins (By, complex) (1). However, the 
palatable, nonhygroscopic nature of the product, 
together with its general resemblance to yeast in 
respect to ease of production, stability, amino 
acid composition, and vitamin content (1), makes 
this materia] of interest not only for use in animal 
feeds, but possibly as an additive or supplement 
in foods or confections for human consumption. 


185 
Threshold 
in Water 
+ Standard 
m 
3 
3 3 
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Toxicological studies have been conducted in 
this laboratory on the long-range effects of diets 
containing dried cells of B. megatertum as com- 
pared with diets containing brewers’ yeast. Such 
information on dried cells of B. megaterium is, 
to the best of our knowledge, unavailable in the 
literature. The usefulness of the cobalamins as 
antianemic agents, their nutritional properties, 
and their role in the synthesis of biologically 
essential methyl groups are, however, well estab- 
lished (2). 


EXPERIMENTAL 


Drum-dried washed cells of B. megaterium used 
in these studies were produced as described in 
Chemical Engineering (3) by a modification of the 
process of Garibaldi, et al. (4). Two lots of com- 
mercially produced B. megaterium were used. One 
lot, which was fed for the first 280 days, was pre- 
pared from a strain which is on deposit in the culture 
collection of the Northern Regional Research 
Laboratory, Peoria, Ill., where it is designated as 
NRRL B-938R. The other lot, which was fed 
during the last 120 days, was prepared from a 
strain derived from NRRL B-1368 by selection for 
resistance to bacteriophage. The strains are similar 
with respect to cobalamin productivity and cultural 
characteristics 

Two experiments were conducted in which groups 
of weanling male albino rats weighing 44-50 Gm. 
each, from a strain maintained in this laboratory for 
many years, were used. In one experiment five 
groups of 5 rats each were fed on diets containing 
0, 2.5, 5, 10, and 20% B. megaterium. In the 
second experiment, for comparison, three groups of 
5 rats each were fed on diets containing 5, 10, and 
20% brewers’ yeast. The composition of the basal 
diet is given in Table I. Conduct of the experi 


Tasie |.--Composition or Basa Drier 


Per 

Constituents Cent 
Corn meal (yellow degerminated ) 73 
Casein (ground ) 10 
Linseed oil meal 10 
Alfalfa meal 2 
Bone ash 1.5 
Sodium chloride 
Cod liver oil (U.S. P.) 3 


ments was essentially the same as previously de- 
scribed (5, 6). The B. megaterium or brewers’ 
yeast was added to the diet by replacement of an 
equivalent amount of the basal diet and mixed by 
means of a rotary mixer. The chemical composi- 
tion of the various diets is given in Table I]. The 
body weights of individual rats on each diet and 
their food consumption were determined at weekly 
intervals during the first 250 days; thereafter, 
record of body weight of each rat was made at 
monthly intervals. At each weighing period care 
ful observations were made as to the general appear 
ance and well-being of all rats receiving B. mega 
terium or brewers’ yeast as compared to the control 
rats. Hemoglobin determinations were made on 
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two occasions. On termination of the experiments, 
which lasted 400 days, all surviving rats were 
autopsied and all organs were carefully examined 
for any evidence of gross changes. The liver, kid 
neys, and spleen from each rat were weighed, and 
sections of these organs and others were fixed in 
10% formalin and used for histopathological 
examination. 


Taste Compostrion oF BactLius 
MEGATERIUM, Brewers’ Yeast, Basar Diet anp 
DretTarRy SUPPLEMENTS 


Per Cent 


Constituents ble Ash Fiber ture 6 33 

B. megaterium(M) 1.4 8.0 94 7.6 43.8 
Brewers’ yeast (Y) 1.8 59 28 68 48.8 
Basal diet (B) 46 35 1.9 11.4 16.9 
B 80% +M20% 49 44 34 106 223 
BW%+M10% 42 39 26 110 196 
BS%+M5% 44 3.7 2.3 11.2 182 
B 80% + Y 20% 4.0 4.0 3.1 10.56 3.3 
43 3.7 2.0 109 201 
45 36 1.9 11.2 18.5 


B 95% + ¥ 5% 


RESULTS AND DISCUSSIONS 
Effect of Growth Rate on Food Consumption. 


Individual growth rates of rats on the diets contain- 
ing B. megaterium or brewers’ yeast when compared 
at weekly intervals with the growth rate of rats on 
the basal diet alone were not significantly different. 
Table III shows the mean initial weights and gains 
in body weight of all rats on the various dietary 
supplements. It is clearly evident that all rats on 
the various dietary supplements for 400 days made 
normal gains in weight. The results of feeding 
B. megaterium or brewers’ yeast on growth and 
weights of the liver, kidneys, and spleen and their 
standard errors are summarized in Table IIl. From 
these data it is evident that the values for rats on 
the various supplements compare favorably with 
those of the control group of rats. 

Food consumption for each group of rats on the 
various dietary supplements did not vary signifi- 
cantly from that of the control rats on the basal 
diet alone. The amount of protein ingested by rats 
on 20% B. megaterium or 20% brewers’ yeast was 
greater than that of the control rats. Protein con 
sumption for rats on the lower dietary concentra- 
tions of B. megaterium or brewers’ yeast, respec- 
tively, was proportionally lower than that of the 
rats at the 20% level. In either event rats on all 
supplements of B. megaterium or brewers’ yeast 
received more protein than did the rats on the basal 
diet alone. 

Pathology.—Autopsy was done on all rats on the 
various dietary supplements. Grossly no dif- 
ference was observed between rats on B. megaterium 
or brewers’ yeast and the controls. Hematoxylin- 
eosin stained paraffin sections of the following tissues 
were prepared for microscopical examination:' 


! The histopathological examination and evaluation of the 
tissues of rats reported herein were made by Dr. Alvin J 
Cox, Ir, of the Department of Pathology, Stanford Univer 
sity Medical School, San Francisco, Calif 


Fro 
Ether tein 


March, 1954 


Screntiric Eprrron 


187 


Tasie I11.—-SuMMARY ON THE Errect ON GroOwTH AND ORGAN WBIGHTS OF MALE Rats ON Diets Con- 


(Gm. +5 
Start 


0o+0.4 
7.3241.1 
70+0 


— Substance in Diet of 
Name we. % Rats 

Control 0 

B. megaterium 


349.5 
353.5 
375 
347 
329 
346.2 
326 


Brewers’ yeast 
45.820 


~ Standard error of the mean 


thyroid, heart, lung, liver, stomach, intestine, kid- 
ney, adrenal, spleen, pancreas, testis, and urinary 
bladder. In all of the organs examined, no changes 
were found which could be interpreted as a direct 
result of treatment. There were some scars in the 
kidneys and other evidence of mild, old pylonephritis 
which appeared more frequently in the rats receiving 
the supplements than the controls. This may have 
been related to the presence of bladder worms which 
were fairly frequent in the treated rats. All other 
organs were not significantly different from the 
controls. 

Hemoglobin values obtained at 200 and at 400 
days, for each group of rats, were not significantly 
different from those of rats on the control diet. 

It has been reported by McLean and Beveridge 
(7) that the addition of 5, 10, or 20% of brewers’ 
yeast to the basal diet of rats, as the sole source of 
protein, produced liver necrosis within 90 days. 
These investigators found, however, that diets con- 
taining more than 20% yeast were nonnecrogenic, 
suggesting the absence of a toxic factor. These 
same authors (7) have observed that the incidence 
of liver necrosis remained low or was absent on the 
basal diet containing 18% yeast in the presence of 
varying amounts of casein (0 to 7%). However, 
with increasing amounts of fat in the diet (5 to 
70%) there was a concomitant increase in the 
necrogenicity of the basal diet. 

Since in our studies the histopathological examina- 
tion of the livers of rats on the various dietary 
supplements of B. megaterium or brewers’ yeast 


No Mean Body Weights- - 
E.*) 


TAINING ErrnHer B. MEGATERIUM OR Brewers’ Yeast ror 400 Days 


Mean Organ Weights 
(Gm. = 5. E*) 
Kidneys 
2.30 + 0.04 
+0.02 
7 +0.05 
+ 0.09 


Liver 
65 + 0.34 
81 + 0.28 
73 + 0.84 
68 + 0.54 
62 
O8 + 0.32 
85 + 0.42 
34 + 0.68 


Spleen 
63 + 0.02 
69 + 0.08 
+ 0.09 
78 + 0.05 
61+ 0.04 
54+ 0.08 
0.71 + 0.08 
0.70 + 0.08 


— 
~ 


ome 
SS 


32 + 0.05 
23120.11 
2.38 + 0.12 


~ 
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showed no evidence of liver necrosis, it would appear 
that the diets were adequate in all respeets and that 
the supplements of dried cells of B. megaterium, in 
the amounts used and under the conditions of these 
experiments, contained no toxic factor. 


SUMMARY 


1. Studies have been presented on the com- 
parative effects of a series of diets containing 
dried cells of B. megaterium brewers’ yeast, and a 
basal diet known to be adequate in every respect. 

2. No toxic effects were observed in rats 
ingesting diets containing up to 20% of dried B. 
megaterium for 400 days. 

3. The negative results obtained suggest that 
B. megaterium can be safely used in human and 
animal nutrition. 
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I DISCUSSING colchicine-induced polyploidy 
in Hemerocallis species, including Hemero- 
callis fulua L. and various hybrid clones, Traub 
(1) reported that his experiments showed the 
effectiveness of colchicine on these plants in 
aqueous concentrations of 0.025 to 0.1 per cent; 
however, he noticed that concentrations much 
above 0.1 per cent usually led to the eventual 
death of the treated plants. He stated that his 
results contradicted those of Blakeslee (2) and 
Levan (3) who found that the colchicine-con- 
taining species (Colchicum) which they tested 
were not subject to colchicine poisoning under 
the conditions of their experiments. In view of 
his results, Traub concluded that /emerocallis 
species should contain no colchicine, and he 
added that the report of Klein and Pollauf (4) 
who claimed to have demonstrated the presence 
of colchicine microchemically in Hemerocallis 
fulva L. required verification. 

Preparatory to such verification studies, a 
number of collections of Hemerocallis fulva L. 
were made before and during the flowering season 
of the plant. The unusual color and external 
characteristics of the underground parts were 
observed and recorded. 


Since there are appar- 
ently no published reports in the literature de- 
scribing the morphology and histology of the 
underground organs of this plant, it was deemed 
advantageous to undertake the present study 
and to follow it with microchemical and phyto- 
chemical investigations. 

Hemerocallis fulva L. is a liliaceous plant that 
grows naturally on moist embankments and along 
edges of streams. It is also widely cultivated 
and is hybridized freely by horticulturists. The 
wild plant is called “common orange day lily” or 
merely “day lily” inasmuch as the attractive 
orange-colored flowers open for one day only, 
close by evening, and wither the following day. 
Collections were made in June, 1953 before the 
flowers had begun to appear and also in July dur- 
ing the height of the flowering period. The 
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A Study of the Root System of Hemerocallis fulva L.* 
I. Morphology and Histology 


By EDWARD P. CLAUSt 


fulva, he uses the term “tuberous root.” 


ISS 


fresh material, particularly the underground 
parts, was compared with dried and preserved 
specimens gathered in 1952 and 1951. Identifi- 
cation was verified by O. E. Jennings, Emeritus 
Curator of Botany at Carnegie Museum in Pitts- 
burg, Pa. 


MORPHOLOGY 


The underground portion of the plant consists of a 
number of types of roots arising from a structure 
resembling a short oblique or horizontal root-crown 
as seen in Fig. 1. The root system includes smooth 
roots for anchorage and absorption, wrinkled roots 
having slight swelling centrally, and other wrinkled 
roots terminating in definite storage organs. 

In describing the genus Hemerocallis, Fernald (5) 
refers to these organs as “‘fleshy-fibrous roots” or 
“tubers” although in describing the species //. 
During 
the flowering period of the plant there are two types 


Fig. 1. 
the origin of the roots on the root crown; X '/. 


Underground system of HH. fulva showing 
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of these ‘‘tubers"’ or tuber-like roots: those on older 
roots from the preceding season which are a bright 
orange-yellow color, and those on roots of the cur- 
rent season which are almost pure white. When 
freshly dug and washed free of adhering soil, the in- 
tense orange-yellow color of the older roots and 
“tubers” is very apparent and therefore may be con- 
sidered an identifying feature. When dry they 
darken in color, shrivel, and become soft and 
spongy. In contrast, the young “tubers” are gray- 
ish white when dry and remain smooth and firm. 
During the flowering period the roots bearing the 
young “tubers” are shorter than those with matured 
“tubers,” but following the flowering season they 
begin to elongate. 


Fig. 2.—Various types of unmodified and modified 
roots; X '/s. 


Mature roots attain various sizes (as shown in 
Fig. 2): smooth, unmodified roots often measure up 
to 40 cm. long and 4 mm. thick; slightly swollen 
roots may be 20 cm. long, the swellings being 7 mm. 
thick; however, the roots bearing the storage organs 
are seldom more than 10 cm. long, the storage organs 
measuring up to 25 mm. in length and up to 12 mm. 
in thickness. The wrinkled appearance of some of 
the older roots has been interpreted as a means of 
contraction by which the plant anchors itself more 
deeply in the soil. Since new roots arise each season 
from the upper part of the root crown above the 
older roots, the underground system of the plant 
would otherwise become exposed if it were not for 
root shrinkage and contraction. Thus, as the roots 
continually supersede each other on the upper part 
of the roct crown, the plant appears to develop a 
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short, oblique, or in some cases horizontal type of 
underground stem. However, histological structure 
indicates that this is not a rhizome. 

From the root crown single, elongated, smooth, 
yellow, jointed underground structures arise which 
seem to fuuetion as runners but actually are thin 
rhizomes. They are lighter yellow in color than the 
roots and, since they extend from one plant to an- 
other, their size shows considerable variation. The 
nodes bear no stem scars and the internodes are 
irregular in length. 


HISTOLOGY 


In cross section the roots and tuber-like organs 
exhibit similar characteristics: a radial polyarch 
arrangement of from 28 to 32 alternating xylem and 
phloem strands surrounded by an endodermis which 
is slightly lignified. The rhizome has a polyarch 
arrangement also but the vascular bundles are fewer 
in number, seldom exceeding 20 in the specimens 
studied; the bundles are less regular in distribution 
and they exhibit a collateral arrangement of xylem 
and phloem elements with the phloem outermost. 
Scattered bundles are common in both the cortex 
and pith of the rhizome but none appear in the cortex 
or pith of the roots and tubers examined. 

The epidermis is usually replaced by a hypoderm 
of two rows of lignified cells under which are two to 
three rows of collenchyma. In these the walls, and 
particularly the middle lamella, are deep yellow in 


Fig. 3.—Raphide of calcium oxalate in cortical 
parenchyma tissue; X 440. 
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Individual crystals which separate from the 
raphides; X 440. 


Fig. 5.—Portion of the radial polyarch arrangement 
of the alternating xylem and phloem strands; X 100. 


color. Remnants of the epidermis can be observed 
in young roots, and partially lignified root hairs are 
sometimes present. The cortex consists of approxi- 
mately 28 rows of thin-walled parenchyma that are 
elongated radially varying from 110 to 140 w in 
length and from 46 to 85 « in width. Raphides 
occur irregularly in the cortical parenchyma ( Fig. 3) 
and may be found near the collenchyma layer, in the 
central cortex, or near the endoderm. The raphides 
vary from 32 to 85 yw long and from 23 to 50 uw wide; 
they are contained in cells which are smaller than the 
surrounding parenchyma. Individual acicular crys- 
tals frequently become separated from the raphides 
and overlie the surrounding tissue (Fig. 4). Crys- 
tals may measure up to 58 yw in length and 2 yu in 
width. They do not react with alkaloidal precipi- 
tants and, since they are insoluble in water and 
slowly soluble in mineral acids, they are assumed to 
be composed of calcium oxalate. Raphides are not 
present in the pith. 

No starch grains occur in either cortical paren- 
chyma or in pith parenchyma; instead, these cells 
are frequently filled with a granular substance 
staining a yellowish-brown color with iodine T. S. 

A characteristic endoderm surrounds the vascular 
bundles, the cells being elongated transradially. 
They are slightly lignified throughout although the 
radial walls usually display a greater degree of lig- 
nification. The endodermal cells vary in length 
from 34.5 to 96 w and generally average about 22.3 » 
wide. Directly under the endoderm is a layer of 


Fig. 6.—-Enlarged portion of a vascular bundle. 
CO, cortical parenchyma; E, endoderm; P, peri- 
cycle; PH, phloem; PI, pith parenchyma; V, 
vessel; X 440. 
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pericycle cells. These are neither lignified nor 
fibrous, but resemble elongated, thin-walled paren- 
chyma. 

The endodermis and pericycle surround a radial 
polyarch arrangement of from 28 to 32 alternating 
xylem and phloem strands (Fig.5). In young tubers 


the only lignified element is the large vessel in the © 


xylem which averages 29.8 » in diameter. The 
surrounding vessels are smaller and thick-walled 
but not lignified although, in time, all of the vessels 
become lignified. Longitudinal-tangential sections 
reveal that the vessels are either scalariform or 
pitted. No xylem fibers are present. Separating 
the xylem patches are phloem tissues consisting 
chiefly of small parenchyma and sieve tubes, as 
shown in Fig. 6. These blend gradually into the 
larger thick-walled parenchyma of the pith. 

There is an absence of fibrous and sclerenchyma- 
tous tissue throughout the roots, tuber-like organs, 
and rhizomes. 


DISCUSSION 


Both old and young tuber-like organs possess the 
same microscopical structure, the only difference 
being the amount of lignification of the xylem ele- 
ments. Unmodified roots as well as those leading 
to the tubers also show a similar histological pattern. 
Thus, it would be more correct botanically to replace 
the term “tuber” with “tuberous root.” 

Regarding the possible colchicine content of 
Hemerocallis fulva L., preliminary microchemical 
analysis of the underground organs has been incon- 
clusive at the present writing. Further investiga- 
tions of both microchemical and phytochemical pro- 
cedures are planned. 
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SUMMARY 


1. The morphology and histology of the 
roots and “tubers” of Hemerocallis fulva L. were 
determined. 

2. Three typesof roots were observed: smooth 
unmodified roots, wrinkled roots with central 
swellings, and wrinkled roots terminating in stor- 
age organs hitherto called “tubers” and “‘tuber- 
ous roots.” 

3. Older roots and “tubers” were bright 
orange-yellow whereas younger forms were white. 

4. Raphides of calcium oxalate were promi- 
nent in the cortical parenchyma of roots and 
“tubers.” 

5. The histological structure of roots and 
“tubers” was identical: a radial polyarch ar- 
rangement of from 28 to 32 alternating xylem 
and phloem strands. 

6. The term “tuber” proved to be a mis- 
nomer; the specimens examined were ‘tuberous 
roots.”” 

7. Microchemical and phytochemical in- 
vestigations will be reported later 
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Book Notices 


The Van Nostrand Chemist's Dictionary. Board of 
Editors: JurGEN M. Hone, et al. D. Van 
Nostrand Co., Inc., New York, 1953. 761 pp. 
16x 24cm. Price $10 
This entirely new dictionary presents information 

frequently needed by the chemist. The definitions 

included cover the several special fields of chemistry 
and chemical engineering. Among the more than 

11,000 chemical definitions and descriptions one 

finds chemical substances, elements, ions, radicals, 

and the type compounds reflecting the latest ter 
minology in naming compounds of silicon and phos- 
phorus. More than four thousand chemical reac- 
tions, tests, solutions, apparatus, laws, equations, 
and industrial processes are defined, A unique 
system of cross-referencing has been employed 
whereby every topic is explained in basic terms and 
then every word important to the explanation that 
is further defined elsewhere in the book is printed in 


bold-face type to show that there is an entire article 
on the subject. In this way the keyword plan 
presents leads to further information about all 
related topics and assists in the correlation of in- 
formation from the various fields of chemistry and 
related sciences. The new Van Nostrand Chemist's 
Dictionary should serve effectively as a single- volume 
abridged dictionary of chemical terms. The print- 
ing and binding are of good quality and the general 
physical appearance of the book is excellent. 


Canada’s Food and Drug Laws. By Ropert E. 
Curran. Commerce Clearing House, Inc., New 
York, 1953. 1139 pp. 17.5 x 25.5 cm. Price 
$19.50. 

This volume represents the fifth research book in 
the “Food Law Institute Series.’’ The first four 
in the series dealt with the Federal Food and Drug 
Acts of the United States. This fifth book is an 
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annotated and indexed compilation of Canada’s 
food and drug laws including cosmetic and other 
related laws, both national and provincial. It also 
includes the text and detailed comments covering 
an Act Respecting Food, Drugs, Cosmetics, and 
Therapeutic Devices, passed by the Parliament of 


Canada in April, 1953, but which is not expected to ° 


come into force until some time early in 1954. Thus 
the latest legislative record on this important subject 
is covered. The compilation should be of great 
value, not only to those concerned with the adminis- 
tration of Canada’s food and drug laws, but also to 
manufacturers, distributors and retailers, and to 
members of the consuming public for whose benefit 
and protection all food and drug laws are enacted 


The Year Book of Drug Therapy. (1953-1954 Year 
Book Series.) Harry Beckman, Editor. The 
Year Book Publishers, Inc., Chicago, 1953. 538 
pp. 13.5x 20cm. Price $6 
This compact book, edited by Dr. Harry Beckman 

of the Marquette University Schools of Medicine 
and Dentistry, presents concisely the important 
advances in drug therapy which have occurred since 
the 1952 volume was published. The book is com 
posed of an extensive series of abstracts of pertinent 
articles appearing in the medical literature since 
August, 1952. The scope of the book can best be 
visualized from the subject headings of the several 
divisions which include allergy, antibiotics and sul 
fonamides, cardiovascular diseases, dermatology, 
endocrinology, hematology, internal medicine, neuro- 
psychiatry, obstetrics and gynecology, ophthal- 
mology, otorhinolaryngology, pediatrics, surgery, 
and venereology. Thus information on recent ad- 
vances of the applications of drugs in all branches of 
medicine is reviewed. The book is provided with an 
excellent subject index and an author index. It is 
documented by many references to the original litera 
ture and the editor is to be complimented upon his 
accomplishment in presenting so much information 
in such relatively small space. 


Anleitung cur Erkennung und Pruefung der Arsnei- 
mittel des Deutschen Arsneibuches, sugleich ein 
Leitfaden fuer Apothekenvisitatoren. 17th ed. 
Hans Karser, ed. Springer-Verlag, Berlin/ 
Goettingen/Heidelberg, 1953. 624 pp. 17 x 
24cm. Price DM 32.50 
Professor Hans Kaiser has completely rewritten 

Ziechele and Zrieger’s well-known manual on 

methods and standards for the remedies of the latest 

(6th) edition of the DAB. He has successfully in 

corporated the essential material from the old stand- 

ard works by Herzog, Hanner, and Frerichs, and 
thereby has given the pharmacist an up-to-date 

“three-in-one"’ reference tool. All the information 

culled from those titles has been brought up to date. 

Kaiser's new compilation includes, therefore, be- 

sides a thorough revision of material contained in 

earlier editions, several additional chapters of a 

general nature: on the analytical methods of the 

Arsneibuch, on fats and oils, on essential oils, on 

determination of alkaloids, morphine, silver, mer- 


cury, on volumetric analysis, etc. At the same 
time, the author has wisely excluded those new 
methods of analysis (like refractometry or potenti- 
ometry) that require apparatus not usually available 
to the ordinary pharmacist. As in earlier editions, 
the main body of the work (some 500 pages) is con- 
stituted by an alphabetical listing of drugs, accord- 
ing to the Latin name as given in the Arzneibuch. 
Lists of indispensable reagents, of volumetric solu- 
tions and indicators, directions for the storage of 
drugs, and numerous tables enhance the value of the 
book. A list of laboratory equipment and supplies 
concludes this work which is throughout concise 
and to the point, in spite of its more than 600 pages 
It well deserves a place on the shelves of every 
pharmaceutical library. 


Biochemical Preparations. Vol. 3. Esmonp E. 
Sne.i, Editor-in-Chief. John Wiley & Sons, 
Inc., New York, 1953. 128 pp. 15.5 x 23.5 cm. 
Price $3.50. 

The second volume of this series was reviewed in 
the October, 1952, issue of Tas JoURNAL, page 571. 
In that review the design and purpose of the series 
was discussed. The style of presentation is com- 
parable to that in Organic Syntheses series and, in 
fact, compounds of biochemical interest which have 
appeared therein are listed through volume 32 in a 
table preceding the text. In Volume 3 the bio- 
chemical preparations for which preparative methods 
are given include crystalline muscle phosphorylase, 
ribonuclease, diphosphopyridine nucleotide (DPN), 
triphosphopyridine nucleotide (TPN), pyridoxamine 
phosphate, pyridoxal phosphate, protoporphyrin 
dimethyl ester, d-isocitric acid, dl-isocitric acid lac- 
tone, dihydroxyfumaric acid, oxalacetic acid, (+ ) 
and d(—) lactic acids, sodium a-ketoisocaproate, 
d-glucose-6-phosphoric acid, d-galacturonic acid, 
8-2,5-dihydroxyphenyl-dl-alanine, J-isoleucine, d- 
isoleucine, Lalloisoleucine, and d-alloisoleucine, /- 
and dl-ornithine monohydrochlorides, /- and di- 
citrulline (from ornithine), citrulline (from 
arginine), /-kynurenine, and d-penicillamine 
hydrochlorides, elaidic acid, and 2,4-dinitrofluoro- 
benzene. 


Encyclopedia of Chemical Technology. Vol. 11. 
(Polyols to Rutin.) Raymonp E. Kirk and 
DonaLp F. Orumer, Editors. The Interscience 
Encyclopedia, Inc., New York, 1953. xvi + 950 
pp. 20 x 27 cm. Single copy price $30; sub 
scription price $25. 

The first volume of this series appeared in 1947 
and the design was described in Turs JourNAL 37, 
130(1948). Volume 11 consists of treatises on sub- 
jects from polyols to rutin. It includes articles on 
subjects such as potentiometry, printing and repro. 
ducing processes, synthetic protein fibers, protein 
hydrolyzates, quality control quaternary ammonium 
compounds, natural radioactive elements, rare earth 
metals, reaction kinetics, natural resins, rheology, 
and many others of special pharmaceutical interest. 
When the series is completed it will represent a 
monumental achievement by bringing together 
authoritative articles on nearly every subject of 
chemical and pharmaceutical interest. 


A Versatile Physical Conditioner For All Y our Pharmaceuticals 


VEEGUM enhances the physical qualities of your tab- 
lets, powders, pastes and liquids. Inorganic,non-toxic, 
non-irritating, VEEGUM is a completely stable sus- 
pending and emulsifying agent. Highest quality and 
uniformity is assured by the rigid control of the R. T. 
Vanderbilt Company laboratories. 


IN YOUR OWN LABORATORY, you will find VEEGUM 


the most efficient agent for: 


BINDING AND DISINTEGRATING TABLETS: 

An aqueous dispersion of VEEGUM, sprayed in at 
the granulating stage, will bind most tablets without 
extra operations. Its disintegrating action requires 
only one tenth as much VEEGUM as starch or other 


230 PARK AVENUE 


0 Please send VEEGUM Bulletin B53. 
0 Please send information on using VEEGUM for: 


LUBRICATING MEDICINAL POWDERS: Add the VEE- 
GUM as a dry powder; very little is needed. 


SUSPENDING HYDROPHOBIC SOLIDS: VEEGUM sus- 


pends at lower viscosity than organic gums. Thix- 
otropic characteristics give added suspending ability. 


EMULSIFYING LOTIONS and OINTMENTS: Dispersions 
of VEEGUM are effective emulsifiers with or without 
heat. Small amounts of VEEGUM< stabilize many 
types of emulsions over a wide range of pH. 


MAINTAINING PRODUCT CONSISTENCY: verGuM 
has the unique property of thickening with heat to 
maintain product consistency at higher than normal 
temperatures. 


T. VANDERBILT CO. 


SPECIALTIES DEPARTMENT 


NEW YORK 17, N. Y. 
0 Please send sample of VEEGUM. 


(state application) 


(Please attach to or write on your company letterhead ) 
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PRESCRIPTION CHEMICALS 
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(Available in many 1 Ib. and % Ib sizes, except liquids) 
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